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PREFACE

The present volume is a follow up to a 1977 publication by Plewes and Whitney
on Environmental Impact Assessment (EIA). 1 Considerable advances in EIA have been
made in the intervening period, and it is, therefore, appropriate to review the
field. Papers were invited from experts in selected areas of EIA and a two-day
workshop on EIA in Canada was held in October 1983 to discuss these. The present
volume is the outcome of the first day of the workshop and emphasizes current
practice in EIA. A second volume, to be published shortly, presents the results of
the second day of the workshop and focusses on new directions in EIA.^

In Chapter 1, Whitney and Maclaren develop a comprehensive framework for
environmental impact assessment. The framework covers the scoping, prediction,
significance assessment, evaluation, mitigation and monitoring stages of EIA. These
authors list the questions that should be answered by those preparing or analysing
EIA's at each step of the process. They also examine six well known EIA evaluation
methodologies and discuss the extent to which these methodologies fulfil the
criteria of their framework.

The ten chapters that follow focus on selected components of EIA. In Chapter
2, Grima describes the problems involved in designing and implementing public
involvement programs for EIA. The first part of his paper discusses the nature and
scope of public involvement. This is followed by a section on the design of an
appropriate public involvement program. The third section discusses the role of
mediation and compensation in EIA. In the concluding part of the paper, some
recommendations about public participation in Canada are offered.

In Chapter 3, Emond reviews the legal framework for EIA in Canada, focussing
particularly on Provincial Legislation, and discusses this legislation in the
context of five themes: the structure of EIA; the scope of EIA; the timing of EIA;
enforcement and monitoring; and the application of EIA, particularly as it relates
to "exemptions". The author concludes that although the theory of EIA may be
persuasive, its concept is still not well accepted by governments. Moreover, if the
practice of EIA inconveniences a proponent and requires that decision-making be
restructured, "the pressure to dispense with EIA is almost irresistible".

In Chapter 4, Pushchak examines the historic, political and social background
that produced EIA legislation in the early 1970's. While public attention was
focussed on environmental matters, governments were anxious to appease public
opinion by introducing various kinds of environmental protection and impact asess-
ment legislation. Unfortunately, most of this legislation was designed to reduce
conflict among the various interested parties concerned, rather than the preserva-
tion of the environment per se . Moreover, legislation in most cases contained
sufficient loopholes that governments could evade their own requirements, whenever
the pressure was great. These loopholes either exempted the project from a full-
scale environmental evaluation or gave governments discretionary powers to overturn
rulings that were made by environmental hearing boards. Now that public attention
is focussed on other issues, the environmental legislation is something of an
embarrassment to most governments; in fact, attempts are being made to "streamline"
the EIA process and to reduce personnel in the relevant ministries.

The remaining seven chapters focus mainly on the prediction stage of EIA. In

Chapter 5, Munn provides guidance for the preparation and/or review of the atmosphe-
ric component of EIA. Having provided a conceptual framework for atmospheric

assessment, he notes three practical difficulties in applying it to all cases:

spatial non-uniformity, time variability, and the effects of the development or pro-

ject on the microclimate of the area. He concludes with a discussion of the appli-

cation of the framework to a hypothetical example of a coal-fired power station.

1 M. Plewes and J.B.R. Whitney. 1977. Environmental Impact Assessment in Canada:

Processes and Approaches. I.E.S., Univ. Toronto, EE-5, 200 pp.

^ V.W. Maclaren and J.B.R. Whitney. New Directions in Environmental Impact

Assessment, Methuen, Toronto (in press).
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In Chapter 6, Adams examines the prediction of hydrological impacts. The dis-

cussion begins with a conceptual framework for examining hydrologic impact assess-

ment; this is followed by a section on hydrologic modelling which introduces a

discussion of runoff and water quality problems in urban areas and the various

mitigating measures that can be taken to reduce undesirable impacts. The paper

concludes with a short analysis of the specific problems of predicting runoff in

rural areas, particularly in relation to flooding, soil erosion, and non-point
sources of water pollution.

In Chapter 7, Duinker examines the problems of biological impact forecasting
in environmental assessment, and he notes the generally low level of much contempo-

rary work in this field. This is followed by a discussion of the various study
tools available to aid biological impact forecasting: surveys and inventories,

baseline studies, pre-decision experiments-
,- mathemat ical modelling, case studies,

and decision-dependent experiments in which the environmental results of incremental
project design are examined before the next stage of the project is proceeded with.

The author concludes with a list of the characteristics that would be included in an

ideal biological impact prediction.

The prediction of health effects is discussed in Chapter 8 by Somers. The
author notes four well-known ways of estimating hazard: animal experimentation;
clinical studies; in vitro laboratory tests; and epidemiological evidence. A
section on Canadian examples of environmental health risk assessment follows. He

concludes that toxicology is not yet an exact science and that the final decision,
using the best scientific evidence available, must be made, ultimately, on political
grounds

.

In Chapter 9, Dorney examines the application of EIA to land-use development
projects. The author advocates a comprehensive approach which incorporates land-use
concerns into the EIA process by first identifying the boundary problem of the
particular project concerned. This is followed by an examination of the long-term
land-use changes that are taking place in the project area, the type of ecosystem in

which it is located, the policy and economic context, and, finally, the incremental
change incurred by the project that may give rise to unacceptable overall impacts
for that area. The author argues that it may sometimes be less expensive to disrupt
a natural area, and then guarantee its renovation, than to try to preserve it during
the construction phase.

In Chapter 10, Lea surveys the field of economic impact assessment and empha-
sizes the contribution of cost-benefit analysis, economic base methods, and input-
output analysis as prediction and evaluation tools.

In the concluding chapter, on the role of surveys in social impact assessment,
Jaakson outlines the basic components for a scienif ically conducted survey: timing,
the sampling frame and questionnaire design, and the administration of the survey.
He concludes with a critical analysis of a social impact assessment carried out in
connection with an Ontario Hydro site and route selection project. He points out
that, as a result of a poorly timed and executed survey, public attitudes towards
the project may become more negative and critical then they were initially.

J.B.R. Whitney
V.W. Maclaren
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A FRAMEWORK FOR THE ASSESSMENT OF EIA METHODOLOGIES

J.B.R. Whitney and V.W. Maclaren
Department of Geography, University of Toronto

INTRODUCTION

Environmental impact assessment (EIA) is one of the more innovative concepts
introduced by governments in recent years. It is innovative because, for the first

time, an institutionalized decision-making ^process lias been established to evaluate
the impacts of development on the biophysical and socio-economic environments. In

this way, the externalities of economic development, omitted in traditional market-
place calculations of costs and benefits can be incorporated into the decision-
making process. EIA is also innovative (in most jurisdictions) in that it recog-
nizes a role for the public (as distinct from experts and bureaucrats) in assessing
the kind of environmental quality that is to be preserved or enhanced.

Innovative though the concept of EIA may be, its practice has, for the most
part, been pedestrian and governments have spent as much effort sidestepping the

procedures that they have set up as they have spent implementing them (Pushchak in

this volume; Rees 1980).

Nowhere has the pedestrian nature of EIA practice been more manifest than in

its methodological basis (Schindler 1976; Beanlands and Duinker 1983; Rosenberg et_

al . 1981; Efford 1976; Hollick 1981). There are a number of opposing views of the

term "methodology" as applied to EIA. For some (Coleman 1977), the word is taken to

mean the overall sequence of steps involved in carrying out an enviromental assess-
ment. For others (Lucas 1976; Rosenberg 1981), it means the techniques that are

employed to predict and evaluate alternatives. In many cases, the term is utilized
to define a process that combines both predictive and evaluative components without
distinction between them (Dee et al. 1973; Leopold 1971; Nichols and Hyman 1982).

The term methodology, used in this paper, comprises all components of the EIA
process shown in Fig. 1, including scoping, prediction, assessment of the signifi-
cance of those predictions, evaluation and monitoring. It is used to demote both
general purpose EIA (e.g. those reviewed in the Appendix) and those which may be

implicitly or explicitly utilized in project-specific environmental assessments.

The paper is divided into two sections: the first section presents a brief
critical review of methodology assessments and establishes the need for a new frame-
work and criteria; the second section describes the proposed framework and is follo-
wed by a discussion of the criteria used to assess each component. Finally, an

appendix applies the criteria to the assessment of some current methodologies.

CURRENT EIA METHODOLOGY ASSESSMENTS

Since the enactment of the U.S. National Environmental Policy Act (NEPA) in

1970, a number of attempts have been made to assess the methodologies used in EIA by
providing a checklist of desirable criteria for an "ideal" EIA (Munn 1979; Coleman
1977; Holling 1978; McAllister 1982; Skutsch and Flowerdew 1976; Bisset 1978; Lee
1982; Beanlands and Duinker 1983; Rosenberg et al. 1981).

Space does not permit, nor would it be particularly useful, to dwell in detail
on the shortcomings of these methodology assessments but a few general comments are
in order.

1. With a few notable exceptions (Dooley 1979; Munn 1979; Matthews
1975; Beanlands and Duinker 1983; Lee 1982), the assessments do
not distinguish between the predictive and evaluative aspects of
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the methodology reviewed and, hence use "blanket" criteria such as
"replicability", "comprehensiveness" and "ease of understanding"
which become virtually meaningless when it is not clear whether
they refer to the predictive or to the evaluative components of
the methodology.

2. Even where a distinction is made, the study may focus on one
aspect only. Hence, in an important review by Rosenberg et al

.

(1981), the major emphasis is on the predictive component of the
methodology, the evaluative components receiving less attention;
whereas Elliott (1981) and McAllister (1982) focus almost exclu-
sively on evaluation.

3. It is frequently implied that some components of EIA (e.g.
"prediction") are more objective than "evaluation", which is

subjective in nature, with the inference that more reliability
should be assigned to the former. However, as will be demon-
strated, a great deal of subjectivity (i.e. value judgements) is

involved in the predictive aspects of EIA (Matthews 1973).
Moreover, even though the evaluative process is subjective in

nature, since it deals with values, there is no reason why the
values of different groups and individuals should not be ascer-
tained in an objective, scientific manner (Ghiselin 1982;
Jaakson this volume).

Failure to understand the objective-subjective interplay within
EIA can lead to serious misinterpretations of the validity of EIA
studies and the reliability with which they can be used.

A FRAMEWORK FOR ENVIRONMENTAL ASSESSMENT: THE IDEAL EIA PROCESS

In order to provide better criteria for the evaluation of environmental
assessments, we must first consider the activities that are involved in an EIA
process. For the purposes of this discussion, we shall define the process as

consisting of (Fig. 1):

scoping

;

predict ion;

significance assessment;
evaluat ion;

monitoring;
mitigation.

In this paper, the term environmental component (EC) refers to any sub-system,
biophysical, social or economic, or any process component or attribute of that sys-

tem (e.g. a swamp, a species of bird, a scenic landscape, dissolved oxygen, etc.).

We agree with Beanlands and Duinker (1983) that the EIA process should be

viewed as an experiment. In this experiment, an existing environment, composed of

biophysical and socio-economic components, is perturbed by the introduction of a

project, process or policy. The experimenter (in this case, the impact assessor)

predicts the changes that may occur in the environment as a result of the project or

its various alternatives and selects one that is closest to acceptability criteria
previously defined. The selected project is then constructed and its real, rather

than predicted, impacts become manifest. These real impacts are then monitored,
and, if they are unacceptable, mitigation measures may be taken. The information
from monitoring can also be used to calibrate the models used so that they can be

employed more effectively on a future occasion (Basta and Bower 1982).

It should be noted, however, that the EIA process differs from a normal scien-

tific experiment in a number of important ways. The complexity and extent of the

environment being perturbed by a project is much greater than in an experimental
situation. The experiment takes place in the real world rather than in a labora-

tory; hence the experiment cannot, usually, be repeated if it goes wrong (Eberhardt

1976). Moreover, important components of the environment impacted are either the
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1 . Flow diagram of an ideal EIA process
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human population itself or that part of the environment from which the population
derives its livelihood. The values of this population and their perception of the
"goods" and "bads" of the impacts are going to be expressed directly or via the
political process and are going to determine much of the form and content of the EIA
"experiment". Hence, the question of what environmental component to study, and
what significance to attach to the predictions of their change, cannot be determined
by the experimenters themselves but must reflect the values of the wider society.
Here, it should be added that societal values may change significantly during the
decades following construction of the enterprise.

Despite the differences discussed above, it is our belief that EIA should be
treated as an experiment and far higher standards of scientific rigour should be
applied to the research than have been manifested to-date.

The EIA process described in this paper starts after the decision has been
made to submit a proposal (a project and its alternatives) to an EIA. The first
step in the EIA process is a preliminary scrutiny or scoping (Beanlands and Duinker
1983), a process whereby the spatial and temporal boundaries of the EIA study are
determined, the EC's selected, hypotheses articulated, and the groups, upon whose
opinions the criteria for significance are to be based, selected.

For many, prediction is the key component of an EIA methodology and should
have its own rigorous approaches and tests of significance. It should employ modes
of analysis ranging from laboratory and field experiments and inferential statistics
to simulation modelling (Rolling 1978). We shall also argue that baseline or
without-project studies should be placed firmly within the predictive component of
EIA, and that monitoring is a vital adjunct to test hypotheses and validate
predict ions

.

The framework proposed, in this paper, departs from others in its emphasis on
the distinction between significance assessment and evaluation. By the former, we
mean that component of EIA that assesses the significance of the magnitude of the
changes forecast in the prediction stage. For example, what value do we attach to a

prediction which says that the deer population will decrease by 50% as a result of
the project? Is this decrease significant? Is a 5% decrease significant?

The term evaluation, on the other hand, refers to the process where the posi-
tive and negative changes in all the EC's are considered and, according to previous-
ly defined criteria, a decision is made either to go ahead with a project, or not,
or to select one preferred alternative.

Although significance assessment and evaluation are based on values as opposed
to "facts", this does not preclude the employment of scientific methods to determine
them.

There are two further components of EIA methodology that must be addressed
here . Pub 1 ic participation (Grima in this volume) is an important input to the
scoping, significance assessment, evaluation and monitoring phases of EIA. In the

scoping phase, public participation is instrumental in defining valued environmental
components (see later section) and in the identification of some boundaries; in the

significance assessment phase, it aids in defining the social importance of changes
and acceptable risk; in the evaluation stage, it helps determine the weights that

may be applied to different components of the environment. In the monitoring phase,

public participation can be used to collect some kinds of data about environmental
change and to gauge opinions about those changes.

Frequently, the public raises the question as to whether a particular project
is needed in the first place. However, needs justification, is usually precluded
by the terms of reference of EIA hearing boards, and queries about needs are ruled

out of order (Ellis 1984). It is our belief that needs justification should be

included in an EIA and that the proponent should give adequate justification for the

necessity of the project.
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CRITERIA EOR THE ASSESSMENT OF EIA METHODOLOGIES

Having discussed the major components of an ideal EIA study, we now turn to a

consideration of the criteria that can be applied to assess whether each component

has been appropriately formulated and carried out.

SCOPING

As noted in Fig. 1, scoping is one of the EIA activities where inputs from the

public and from scientists are required. The particular public groups who become

involved in any EIA, we have termed relevant groups. These include ordinary

citizens, bureaucrats with special agency interests at stake, and politicians.

Occasionally, when an EC becomes an object- of special concern, scientists (e.g.

ecologists) may become involved as a relevant group.

Scientists as professionals, should, as far as possible, be detached from

special interest groups so that they can study the various environmental concerns

raised by the relevant groups with the maximum objectivity.

Figure 2 illustrates the principal activities occurring in the scoping process

and the areas where inputs from publics and/or scientists are desirable.

Fig. 2. Scoping activities and inputs from publics and scientists
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N

Relevant groups

As argued by Pushchak in this volume, EIA is grounded firmly in the political
process. Thus, relevant groups can be equated with those relevant to the political
process either because of the political clout they wield, or because of equity
considerations arising from the impact of a project (Poulton 1982). In general, the
relevance of groups to an EIA is dependent on spatial proximity to the proposed
project and the degree to which groups are able to organize their concerns and view-
points into an effective instrument of opposition or support. A further category of
relevance is the degree to which opposition or support is based on general princi-
ples concerning the nature of the project itself (i.e. nuclear facilities) or
whether it is concerned, specifically, with the location of the facility, as expres-
sed by the well-known not-in-my-backyard syndrome (NIMBY) (Pushchak and Burton
1983).

How are relevant social groups to be identified? The most common process is

that of self-identification: through the organization of action groups, participa-
tion in public meetings, petitions, letters to the newspapers, etc. A second method
is for the groups to be defined by those carrying out the EIA study, i.e. those
groups perceived to have the greatest relevance to the project and its impacts. A
third approach utilizes standard opinion survey techniques to identify relevant
groups and the nature and strength of their support and opposition (Maclaren and
Whitney 1984) .

While the first two processes of group identification will continue to be used
formally and informally, we would argue that these must be supplemented by the opi-
nion survey approach, to ensure not only that activist minority views will be taken
into account but that the silent majority opinions can be considered as well. The
utility of this approach has been demonstrated in case studies by Aoshima and

Kawakami (1979) and Maclaren and Whitney (1984).

Valued environmental components

Because of the diversity and complexity of the environment, it is impossible
for EIA to study everything; some selection of phenomena has to be undertaken. But

on what basis is this selection to be made? Some have argued (Leopold 1949) that

there are criteria of importance in nature which transcend the anthropocentric ones
established by humanity, and that such should be used in the selection of phenomena
to be studied. Unfortunately, there is no general agreement as to what these non-
anthropocentr ic criteria might be and we are left to conclude that the only basis of

selection is those phenomena in the biophysical and socio-economic world that are of

significance and value to various social groups ( Beanlands and Duinker 1983:65-67).

The public's concerns about value and significance revolve primarily around
the environmental ends or goals they would like to see maintained or enhanced:
beautiful landscapes, unspoiled recreational resources, rising property values and

healthy work and home environments. Such goals are referred to in this paper as

publicly valued environmental components (PVEC). A PVEC, thus, indicates both a

specific component of the environment and the socially desire attributes of that

component. It can also refer to a component of the environment that is of special

concern to scientists (e.g, diminishing gene pools, or higher CO 2 levels).

While scientists, as members of the public, may share similar concerns, as

professionals in the EIA process, their role is to understand, predict and manage
the biophysical and socio-economic means by which these ends may be attained. Those

environmental components serving to attain these ends, we have termed scientifically
relevant environmental components (SREC). Thus, the former, the PVEC's, provide the

basis for assessing the significance of the latter, the SREC's, and the trade-offs

that can be made among them (McAllister 1982:225).

An environmental impact, as defined in this paper, is any beneficial or

harmful effect on an EC. In order to answer the public's questions: "What impact

will this project have on the components of the environment that we value?", the

scientists will have to identify the SREC's that influence those components. For
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example, in the area where a new sewage plant is to be constructed, the PVEC may be

the maintenance and enhancement of clean beaches. The scientists' task, in this

case will be to identify those variables, processes and relationships in the bio-
physical environment that link the outfall of the sewage plant to the quality of

water along the beaches. Typical SREC's in this example might be: BOD loadings,
coliform counts, suspended and dissolved sediments, water temperature, turbulence of

flow, long-shore currents, etc.

An important activity in the identification of SREC's and PVEC's, and the

relationships among them, and between them and the project, is the formulation of

appropriate hypotheses. These hypotheses can be formulated with the aid of concep-
tual modelling (Holling 1978), environmental impact networks (Sorensen 1971) and

matrices (Ross 1976). The hypotheses will then be operationalized and examined in

the prediction stage. In the monitoring stage, coTlect ion and analysis of actual
data of the impact of the project may lead to reformulation of the hypotheses and

refinements of the predictive models. However, before these hypotheses and models
can be operationalized, certain "bounding" decisions must be made.

Bounding

An important aspect of bounding is the establishment of appropriate spatial
boundaries for the prediction study (Holling 1978; Sanders and Suter 1980; Beanlands
and Duinker 1983). These may consist of:

Administrative boundaries that may limit the areal extent that
can be studied in an EIA; this would be particularly true of

international boundaries and, in Canada, provincial boundaries.

Project boundaries refer to the specific area where the project
is located (i.e. a power station site or hydro corridor).

Environmental boundaries are those that define the study area of

the various EC's that have been identified. Public input in the

identification of these boundaries may often be valuable, since
residents may have a clearer understanding of the spatial extent
of local enviromental phenomena than outside experts.

Temporal bounding refers not only to the time horizon that will
be used in the prediction of change, but to the temporal variabil-
ity and periodicity that is to be observed. Some EC's may be very
sensitive to short-term periodic fluctuations of some parameters.
For example, a small community may be greatly disrupted by a

sudden influx of construction workers, whereas the same number
could be accommodated without any social stress over a longer
period of time.

Technical bounding refers to the identification of the types of

data used to test hypotheses and calibrate models, the sampling
frames used to collect that data, and the technical and personnel
requirements for the work.

Checklist of criteria to assess the scoping stage

1. Have relevant groups been identified?
2. Has a valid method been used to identify them?
3 . Who are they?

4. Have nublicly valued environmental components (PVEC) been identi-
fied?

5. What are they and what desired quality standards have been ascri-
bed to them?

6. Which of the groups in (1) have identified which component?
7. Have scientifically relevant components (SREC) been identified?
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8. How does each relate to the publicly valued EC's in (5)?
9. Have appropriate hypotheses and models been formulated relating

the SREC's to the PVEC's and both to the project?
10. Has the study area been appropriately bounded in regard to admini-

strative, environmental components, and project areas?
11. What criteria have been used to identify each? #

12. Have appropriate time horizons been established to capture both
the longevity of impacts and their periodicity?

13. Has the study design been adequately formulated with appropriate
data collection, sampling frames, equipment and personnel to test
the hypotheses and run the models in (9)?

PREDICTION OF ENVIRONMENTAL IMPACTS

Prediction is defined here as an explicit statement about the condition of an
EC in the future. As we have stressed earlier, an important function of EIA is its

role as an experiment to test hypotheses about previously unresearched impacts of
new projects and to verify assumptions underlying existing impact prediction models.

If an EIA is viewed as an experiment, a number of principles, fundamental to
all research, must be applied (Kerlinger 1973:2-15) the formulation of a research
hypothesis (in the EIA case, relating the project to its effect on the relevant
EC's); the creation of a null hypothesis (Holling 1978); establishment of statisti-
cal significance levels to accept or reject the null hypothesis and the tentative -

acceptance of the research hypothesis after appropriate data have been collected and
analysed. In the case of EIA, the final phase is reached only after post-project
monitoring data have been obtained.

It should be pointed out that the extent to which basic research involving the
hypothesis testing approach should be applied depends on the EC concerned and the
amount of previous work carried out 'on the prediction of its behaviour. Where a

model is available, and has been shown elsewhere to perform satisfactorily (e.g. for
the dispersion downwind of the pollutants from a chimney), it is only necessary to

check that the assumptions underlying the model are satisfied at the project site;

if they are not, research will be necessary to calibrate the model or develop a new
one. In any case, even when an established model is used, post-project monitoring
data must be collected to assure that its predictions are correct. If they are not,

then the model must be adjusted. Only in this way can the predictions made for

future projects be improved.

Where no satisfactory model is available, two courses of action are open. One
is to carry out properly conducted research of the type described above and to

verify the hypotheses on the basis of data collected in the post-project monitoring
phase. The other is to use "quick and dirty" methods based on expert judgement or

the extrapolation of verified predictions from some other development to the project
area. If the latter, and least satisfactory, methods are used, their "predictions"
should be expressed in such a way that they can be verified when monitoring data are

availab le

.

The following is a list of some of the methods, varying in their degree of

scientific rigour, that can be applied to prediction and forecasting.

simulation modelling: mathematical or mechanical (Barnthouse and Van

Winkle 1980; Hilborn _et_ al_. 1980; Frenkiel and Goodall 1978);

pre-project experiments (Reanlands and Duinker 1983; Barrett _et_ al .

1976; Eberhardt 1976; Giddings 1980; Suter 1982);

models using statistical techniques such as analysis of variance and

correlation techniques (Mitchell 1975; McEvov and Dietz 1977);

extrapolations from other areas with analogous EC's and project designs

for which quantitative predictions are available (Eberhardt 1976;

Leistritz and Murdock 1981; Mitchell 1975; Isard 1960; Lea, this

volume )

;
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same as above, except qualitative results only available (Leistritz and

Murdock 1981; Lang and Armour 1981; Bowles 1981);

time-series or trend forecasting (Eberhardt 1976; Leistritz and Murdock
1981; Lea, this volume; Isard I960).;

forecasting based on "expert" opinion consensually established (Delphi

technique), (McAllister 1982; Dee 1973; Murray 1979 ;
Mitchell _et_ al .

1975);

forecasting based on individual "expert" opinion and "guest imates"

.

The usefulness of any of the above methods in practice is dependent on the

degree to which it captures the following characteristics of impact prediction.

System interaction.
One of the key problems in impact prediction is that the project or action has

first, second and third order effects (e.g. road construction causes increased sedi-

ment yield, which leads to aquatic plant kills, which result in fish kills) which
lead to impacts on other sub-systems (fish kills result in a lower recreational and

commercial value for the stream, fewer visitors, loss of income to downstream
settlements, fewer jobs, out-migration). The changes in this latter sub-system, in

turn, have further effects on others and feedback loops to itself. Thus, an

important quality of a predictive technique is the degree to which it captures both
the direct and indirect effects of an action (Gilliland and Risser 1977; Rau and

Wooten 1980) . Studying systems interaction also ensures a comprehensive coverage of

relevant EC's.

Dynamic change.
Parameters describing variable relations may change over time. Static pre-

dictions assume that such relationships are constant - an assumption that may be

greatly at variance with reality (Goodall 1977).

Probabilistic nature of future events.
Since many phenomena are stochastic in occurrence, predictions of future

events must include a range of values. Therefore, whenever the probability distri-
bution of variables is known, the prediction should utilize the most likely values
of occurrence, as well as the frequency distribution, thereby allowing for more
meaningful comparisons among events, with different probabilities and magnitudes of

occurrence (e.g. floods), (Munn 1975).

Uncertainty of future events.
This refers to known and unknown future events occurring with unknown or -

unknowable probability (Holling 1978; Hilborn et al. 1980.

Uncertainty is one of the most intractable aspects of prediction and is often
omitted in forecasting. One method of attacking the problem is to use sensitivity
analysis (Lee 1982). As applied in the prediction stage, sensitivity analysis
involves varying the assumptions upon which the prediction is based up to the point
where the magnitude of the original predictions change. If a large variation in the
assumptions of the prediction model does not affect the levels of the prediction,
then the prediction is not very sensititve to these changes. Predictions which do
exhibit sensitivity should be given careful consideration in the assessment stage.

Sensitivity analysis can be applied only to events that are known and whose
probability of occurrence is unknown. But what of uncertain events of which we have
no knowledge? Some EIA practitioners (Holling 1978) have questioned the usefulness
of all predictive techniques because of the impossibility of dealing with this
question. Rather, they have made uncertainty the cornerstone of their Adaptive
Environmental Assessment and Management (AEAM) approach to planning and management.
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Level of prediction measurements.
The more scientific the prediction techniques, the more quantitatively precise

will be the measurements of the magnitude of changes produced. Hence, as we move
from nominal, ordinal and interval to ratio measurements, we are moving to higher
levels of measurement, since a greater range of mathematical operations can be
performed on them. Levels of measurement will be discussed in more detail in the

evaluation section.

Variability
Variability of the phenomena through space and time in the study area should

be captured. Knowledge of this variability is essential for the determination of
the significance and acceptability of the predicted environmental changes (Kumar
1980). Variability, and its importance, will be discussed at greater length in the

section on Significance Assessment.

Baseline predictions.
As indicated earlier, baseline studies, and the prediction of baseline change

without the project, are an essential component of assessment. Hence, the same

criteria that are used for assessing the validity of impact predictions must be

applied to predictive techniques used to measure without-project changes in the

environment

.

Checklist of criteria to assess the prediction stage.

1. Has the prediction stage followed the study design formulated in

item (13) of the scoping criteria?
2. What level of scientific performance can be ascribed to the

predict ion?

3. Have all relevant interactions been included in the prediction?
4. Have probabilistic predictions been made?
5. How have probability distributions been derived?
6. Is uncertainty addressed in the prediction?
7. If so, has sensitivity analysis been applied to assess its impact

on the predictions?
8. What levels of measurements have been applied to which components

of the prediction?
9. Are these levels appropriate for the mathematical operations which

may have been performed with the data?

10. Has the variability of predictions in space and time been
assessed?

11. Have predictions of change of baseline conditions without the

project been made?
12. Have the criteria 1 to 9 above been applied to these without-

project predictions?

SIGNIFICANCE ASSESSMENT

During this stage, an assessment is made of the significance of the magnitude

of the changes forecast for each EC.

The following is a list of the criteria used in carrying out significance

assessments (see also, Ames 1978).

without-project comparisons;
cumulative effects;
impact duration;
risk;
stability and resilience of EC's

relative magnitude; and

quality standards/criteria.
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Without-project comparisons

In many EIA reports, an error is made when predictions of impact are compared

with baseline conditions as they exist at the time of the study. Baseline condi-

tions are changing without the project or action and the only meaningful test of a

significant change is the degree to which the predicted change in the EC differs

from what it would have been without the project, at some future date (Christensen
et al. 1976; Hirsch 1980; Regier 1976). Thus, at t ^ ,

in Fig. 3, when the project

Commences, there is no impact from it as yet (Y). The EC will, however, be changing

as a result of exogenous and endogenous forces not related to the project so that at

t2j the time horizon for the project, it is predicted that the EC without the

project, will be reduced to W and with the project to B. Thus, the true impact of

the project is WB and not the difference in magnitude between Y' and B.

As discussed in the section on Prediction, knowledge of the variability of the

environmental component being studied is important for the evaluation of signifi-

cant change. Assume that the EC, in Fig. 4, instead of changing in a linear
fashion, is, in fact, following a cyclical pathway (XYWZ) . If we make our predic-

tion at t\ about the predicted impact at t2, we see that the change in the magnitude
of the environmental component is WB, apparently a very significant impact - except
that B ( with-project prediction level) is well within the range of the normal
fluctuation of the EC, and, hence, is "acceptable". On the other hand, if we make
the prediction for t 3 ,

the impact will be ZQ - apparently insignificant - except

that it lies outside the normal fluctuation of the EC and may result in harmful
consequences to that component (as indicated by QF) and, hence, is "unacceptable".

Where there are valid reasons for believing that there are differences between
with- and without-project predictions, the significance of those differences will
depend on both scientific and public judgement of their acceptability.

Stability and resilience of environmental components

Many have argued (e.g. Holling 1978) that we cannot evaluate the significance
of an environmental impact unless there is knowledge of the stability of the
component impacted and its resilience to change. Thus, the same impact applied to

one environmental system may cause it to be destroyed, whereas another system,
because it is more resilient, can accommodate the impact and, after some initial
fluctuations, return to the same or some different level of stability.

The concepts of stability and resilience have been much discussed in the
literature (DeAngelis 1980; May 1975; Lugo 1978; Holling 1978) and have also been
applied to problems in the social sciences (Burton 1983). Their main drawback is

that suitable quantitative measures to describe them have not yet been developed.
Clearly, however, if the concepts are meaningful and there are thresholds beyond
which environmental components become unstable, these become very important criteria
for significance assessment.

Cumulative effects.
The impact from a particular project on an EC may, in itself, be quite

minimal. However, that addition to what may already be a highly stressed EC, from
other sources, may be sufficient to produce serious deterioration. Hence, an impact
can only be significantly assessed as part of the cumulative impact within a region.
This phenomenon is well known in the prediction and assessment of air pollution (Rau
and Wooten 1980; Parzyck et al . 1980).

Impact duration.
Impact duration may be very significant for some EC's. The same intensity of

impact applied to an EC over a short period may have few harmful effects, but
applied for longer durations may prove fatal, as in the case of many toxic substan-
ces. The opposite is true in some other cases, with shorter durations producing
serious effects, and resistance building up over time.
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Fig. 3. With- and without-pro i ect measurement of environmental change

Fig. 4. With- and wi thout-proj ect measurements of change with a variable EC
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Risk.
The degree of risk produced by an impact is clearly an important component of

prediction assessment. However, as many studies have made clear (Whyte and Burton

1980; Burton et al . 1982), the scientific assessment of risk, and its perception by

the public, may differ by many orders of magnitude. These differences must be

clearly articulated in significance assessment (Dooley 1985).

Relative magnitude.
The significance of the magnitude of a prediction should be evaluated in a

relative, not an absolute, sense: for example, the expected loss of 50 birds of a

certain species having a known population of 100,000 might not be considered signi-

ficant, whereas the loss of that same number of birds, from a population of 100,

would be serious.

Quality standards and criteria.
These are among the most common methods for assessing the significance of

predicted change in an EC. They refer to levels designated by either
government-agencies or by the public as part of the PVEC identification process.

Where no specific standards have been promulgated, criteria can be established on

the basis of averages for the region (e.g. police per 1,000 population; number of

crimes per 1,000 population for cities of different size, etc.) (Rau and Wooten
1980) .

Checklist of criteria for significance assessment

1. Have comparisons between with- and without-pro j ect predictions
been made for all EC's?

2. For which EC's are there significant differences?
3. Who has established the significance and what criteria are used?

4. Has the significance of cumulative effects been assessed for the
study region? Have EC's suffering these effects been noted?

5. Has the duration of impacts been assessed and considered to be

harmful for any EC's?
6. Has the risk of damage to the various EC's been assessed, both by

experts and by the public? Which EC's are believed to be at

risk? What has been done to take into account discrepancies
between the various views of risk?

7. Have any stability thresholds been defined for any of the EC's?
How are they defined?

8. Do any of the predicted changes exceed these thresholds?
9. Has the relative change of EC's been considered?
10. Are any quality standards exceeded in the EC predictions? In

which EC's are they being exceeded?
11. Have the predictions of change for the scientifically relevant

environmental components (SREC) been related to their significance
for impacts on the publicly valued components (PVEC)?

THE EVALUATION COMPONENT OF AN EIA METHODOLOGY

The evaluation stage is where decisions must be made about the importance of

significant impacts within each component of the environment relative to the impor-
tance of significant impacts in other components. If several alternatives are being
compared, then the problem becomes one of evaluating and comparing the overall
effect of significant negative and positive impacts on the biophysical and socio-
economic environments, for each alternative. An alternative is preferred to all
others if its net impact is least. ^ The end result of an evaluation of this type is

usually the rank-ordering of the alternatives in terms of their overall impacts.^
All too often in practice, the evaluation stage consists of self-evaluation only

1 The terms net impact and overall impact refer to the total negative impacts minus
the total positive impacts.
^ For example Canter (1979) describes the application of evaluation methodologies in
the EIA's of 20 municipal waste-water programs in the United States.
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(Mac laren 1984). In other words, the proposal is evaluated on its own worth,
without comparison to possible alternatives. This type of evaluation consists
solely of weighing the environmental costs (both biophysical and socio-economic)
against the environmental benefits of the proposal. If the benefits are perceived
to outweigh the costs, then the proposal is allowed to proceed.

This section describes some of the criteria and issues that should be consi-
dered when performing evaluations. They include aggregation versus disaggregation,
level of measurement, weighting, common measurement units, ease of understanding,
number of alternatives to be considered and public involvement.

Aggregation versus Disaggregation.
The degree of aggregation used in the evaluation stage is one of the crucial

issues differentiating EIA methodologies. The process of aggregation involves
combining all of the impacts on the individual EC's into a single overall measure of
impact for each alternative. The aggregation process always involves an explicit or
implicit decision about the relative importance of the EC's with respect to one
another. The controversial question is whether that decision should be part of an
EIA methodology, and if it should, then who should make that decision - the analyst,
the proponent, the government or the relevant groups (Lea, this volume)?

The advantage of using aggregation in evaluation is that comparison of alter-
natives can then be accomplished simply by comparison of the values of single
numbers representing the overall impact of the respective alternatives. If there
are several relevant groups involved in the evaluation, then the term aggregation
also refers to the process of combining the opinions of those groups about the
relative importance of the EC's. Again, the advantage of this approach is that a

single number can be used to represent the overall impact of an alternative and that
a single number represents the combined opinions of several groups.

There are two extreme positions in the debate over aggregation (Lee 1982).
One extreme contends that aggregation should be avoided because of the question
about who should determine relative importance, and because it conceals important
information about the actual levels and significance of individual EC's (Bisset

1978; Elliott 1981; Poulton 1982). The other extreme argues that both the decision-
maker and the public are incapable of, or unwilling, to assimilate the enormous
amount of information that can be presented in a disaggregated format (Sondheim

1978; Dee et al . 1973). For example, if three alternatives are being evaluated and

each alternative has ten EC's, then the decision-maker must evaluate thirty pieces
of information. Most EIA's would involve many more EC's than this.

The problem of aggregation in evaluation developed at the same time as the

traditional economic efficiency objective of project evaluation was discarded in

favour of multiple objective evaluation. Since the late 1960's, the objective of

project evaluation has changed from one of minimizing net impacts on the economic
environment to include minimization of net impacts on the biological

,
physical and

social environments. Whereas all economic impacts can be measured in dollars, the

impacts associated with these new objectives are measured in numerous incommen-
surable units such as tonnes, kilometers, years and decibels. Aggregation of these

units is impossible unless they can be transformed onto a common scale. That scale

must possess certain mathematical properties in order for the aggregation to be

mathematically valid. The scaling issue will be discussed in more detail in the

sections that follow.

The problems associated with aggregation can be eliminated if the number of

alternatives to be evaluated can be reduced to a single alternative, and if the

number of EC's that need to be considered for that single alternative can be reduced

to a single EC. Even if the number of alternatives, or EC's, cannot be reduced to a

single value, partial reduction can substantially simplify the aggregation problem.

There are a number of ways in which the number of alternatives and EC's can be

reduced before evaluation proceeds.
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The illustrative evaluation problem characterized in Fig. 5 is a simple one,

consisting of only three alternatives (A^, A2, A3) and four EC's ((EC^, EC2, EC3,

EC4) . The cells in the evaluation matrix represent the magnitude of impact of a

given alternative on a given EC. For example, the entry EC32 represents the impact

of alternative 2 on environmental component 3 .

Environmental components

Alternatives

Al a2 a3

ECi ECu ECu ECi3

ec 2 EC 2 i
ec22 ec23

ec3 EC31 ec32 ec33

ec4 ec4 i
E°42 EC43

Fig. 5. An evaluation matrix with three alternatives and four environmental
components

If the impacts of all alternatives on a given EC are not found to be signifi-
cant in the significance assessment stage, then that EC can be removed from further
evaluation; the magnitude of the impact on that EC for all alternatives is not
significant and, therefore, not important in the evaluation stage. This form of

reduction allows us to remove one or more rows from the evaluation matrix. If we

are able to remove the EC4 row from the evaluation matrix in Fig. 5 in this manner,
then we have reduced the size of the evaluation matrix from a 4 x 3 matrix to a 3 x

3 matrix. We have eliminated three pieces of information (EC4U EC42 ,
EC43 ) by

simply removing one EC from the matrix.

If the negative impact of an alternative on any EC surpasses some preset
impact threshold, then it may be possible to remove that alternative from the evalu-
ation. In other words, an entire column from the evaluation matrix may be removed.
If we remove alternative A^ from the evaluation matrix, then the size of the matrix
is reduced from a4x3to4x2 matrix and the need to evaluate (or aggregate, if

necessary) the four pieces of information that have been removed (ECu ,
EC 2u EC31 ,

EC41 ) is eliminated.

If the impact magnitudes of all alternatives on a given EC are significant,
but the magnitudes are the same or are almost equal, then the levels of that EC will
have no effect in discriminating among the relative merits of the alternatives.
Again, in this case, it may be possible to eliminate that EC in evaluating each
alternat ive

.

Finally, we may use dominance analysis (Lee 1982) to reduce the number of
alternatives even further. One alternative dominates another if it is better in

terms of at least one EC and no worse in terms of all of the other EC's.

By using these methods, we may not be able to reduce all of the alternatives
to a single alternative, or all of the EC's to a single EC, but we can generally
reduce the size of the evaluation problem and the need for the application of a

formal aggregation method.
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Level of measurement.
Any evaluation method that involves aggregation necessitates the mathematical

manipulation of data. According to measurement theory (Roberts 1979), there are a

number of restrictions on the mathematical operations that can be performed on cer-
tain categories of data. Data are commonly divided into four categories according
to their level of measurement: nominal, ordinal, interval and ratio (Siegel 1956).

The lowest level of measurement is nominal. A nominal scale assigns data to
mutually exclusive classes or categories. For example, if we assign the numbers 1

to 3 to respondents of a survey to indicate which of three high schools they
attended, then these numbers are considered to be nominal data. Addition, subtrac-
tion, division or multiplication of these numbers has no meaning.

Ordinal
Ordinal data is the next highest level of measurement. Not only can the data

j

be classified, but they can also be ranked. For example, we may be interested in
j

classifying the highest level of schooling achieved by an individual. If the
relevant categories are public school, high school and university, and if we assign
the number 1 to public schools, 2 to high schools and 3 to university, then the data
on level of schooling has been measured on an ordinal scale. The numbers represent !

categories and higher numbers imply higher ranks or, in this case, higher levels of
schooling. However, addition, subtraction, division or multiplication of these
numbers is again meaningless. The number 3 does not imply three times as much
schooling as the number 1. A particular problem with ordinal data is that we cannot
sum ranks.

Numbers on an interval scale are not only classified and ordered, but also
have equal intervals of distance between them. The zero point on an interval scale
is arbitrary. The measurement of temperature is probably the best example of an in-

terval scale. The two most common temperature scales, Fahrenheit and Celsius, have
different zero points and equal temperature differences between units of measurement
on their scales. Similarly-scaled interval data can be added, subtracted or multi-
plied and divided by a constant.

Finally, the ratio scale is the highest level of measurement and has the same
features as the interval scale except that it has a non-arbitrarv zero point.

Typical examples of ratio data are measurement units of money, weight, height and

age. All mathematical operations are permissible with ratio scales.

Level of measurement is an important issue in evaluation because nominal and

ordinal data cannot be aggregated in a manner that is meaningful in a mathematical
v

sense. The problem of aggregating low level data is encountered frequently because
certain types of information, such as opinions, are much easier to collect in nomi-
nal or ordinal form rather than as interval or ratio values. Also, if there is very
little information available on predicted impacts, it may only be possible to rank
the relative impacts of different alternatives rather than predict the absolute
magnitude of the different impacts.

Weighting.
There are two aspects of the weighting problem in evaluation. The first deals

with how to weight the individual EC's relative to one another. Should economic
impacts be given weights that are higher, lower or equal to ecological impacts?

Should employment be given the same weight as inflation? The second aspect is the

weighting of the relevant groups. This is a more controversial question. It arises

when a methodology attempts to generate a single overall measure of impact for each

alternative that aggregates across objectives and across social groups. The problem
is usually avoided by either not attempting to identify relevant groups (and, hence,

not aggregating them) or by performing different evaluations for each identified

relevant group and then not aggregating these separate evaluations. This problem,

and its relationship to social welfare theory, is described in detail by Lea else-

where in this volume.

The most common weighting method used in evaluation is known as the weighted

summation method (Elliott 1981; Voogd 1983). The overall impact value of

alternative ] (A^) can be calculated as follows:
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n

A
j

= Z

i=l

where w£ = the weight applied to the i'th environmental component,
x-^ = the level of environmental component i for alternative j, and

n - the number of environmental components.

If the weights of more than one decision-maker are to be aggregated in this manner

as well, then the group impact value (A'j) becomes:

m n

A
'i

= E E vk- wki- a ij
k=l i=l

where v^ = the political weight assigned to decision-maker k,

wki = the weight that decision-maker k assigns to environmental component

and m = the number of decision-makers.

Although the weighted summation method is intuitively appealing and easy to

understand, it is based on a number of restrictive assumptions that are frequently
ignored in practice (Rowe and Pierce 1982). One of these assumptions has to do with
level of measurement. Since the impact magnitudes, xjj, are being added and multi-
plied, they must be measured on an interval or ratio scale. The weights must be

measured on a ratio scale because they are multiplied by the variable x-jj values.
If one or both of these terms is measured on an ordinal scale (i.e. ranks), the

results will not be mathematically valid.

Another assumption of the weighted summation method is that there are no
interdependencies among environmental components. This assumption means that the

weight applied to an EC is independent of the level of other EC's. In reality, this

assumption is often violated. For example, the relative importance of air pollution
versus unemployment will change as the levels of these two EC's change. If the
negative impact on air pollution is going to be more serious than the negative im-

pact on unemployment, then air pollution may be assigned more weight than unemploy-
ment. However, if the reverse situation holds, and the negative impact is going to

be more serious on unemployment than on air pollution, then more weight may be

placed on solving the unemployment problem rather than solving the air pollution
problem. This assumption can be relaxed by adjusting the summation method slightly
to include interdependent terms (e.g. x;[^.X2^) in the evaluation. This adjustment
is possible only if the interaction terms have been measured on a ratio scale.

A final assumption of the weighted summation method is that all impacts are
linear. In other words, it assumes that the weight to be applied to a unit increase
in the level of an EC should be the same regardless of whether the level of the EC
is very low or very high. This problem is similar to the interdependency issue and
can be resolved by developing weights which vary with magnitude of impact. In

practice, the restriction that the interdependence and linearity assumptions place
on the evaluation process is that the weights cannot be formulated in the absence of
knowledge about the absolute and relative magnitude of impacts on the EC's.

Common measurement units. The process of evaluation in EIA is facilitated when
common units of measurement can be employed so that the value of widely disparate
components of the human and biophysical environment can be compared in a meaningful
way. There are four kinds of common measurement units: monetary, energy,
environmental quality indices, and utility. Alternatively, if a common measurement
unit is not used, then individual component measurements units can be "standardized"
or scaled onto a common, unit-free scale that usually ranges between 0 and 1.

There are problems with the use of all of these approaches. Among the common
measurement unit approaches, monetary evaluation has been widely used because it

represents an apparently objective way of assessing the social worth of the environ-
ment. The most well known of the monetary techniques is traditional cost-benefit
analysis (CBA) . A major problem with the monetary approach embodied in CBA has
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plagued environmental economists for many years: market values do not exist for many
environmental goods and services such as clean water, clean air, and beautiful land-
scapes. Although it is possible to estimate market values for some components of

the environment (Hyman 1981; Pearce 1978; Freeman 1979), many would argue that these
values do not represent their real worth to society (Westman 1977).

To overcome this problem, some ecologists (Odum 1983; Cantilli et al. 1978;
Bayley _et_ aK 1977) have advocated the use of energy as the common unit of measure-
ment in EIA, since it pervades both human, biotic and abiotic components of the
environment. Moreover, energy can be relatively easily and objectively measured.
However, there are a number of problems with this approach. Ecologists cannot agree
about the indicator of energy flow that is the most relevant for assessing its value
to an ecosystem: maximum storage, throughput, efficiency of energy use, etc. (Odum
1969). Another, more serious problem is that energy, unlike money, is not a measure
of utility or social worth, and, hence, value. Is a system that stores more energy
than another system necessarily a "better" system? This leads to philosophical
questions that are essentially unresolvable . To sidestep this issue, the advocates
of energy as a common measure of value in EIA (Bayley et^ aj^. 1977) have attempted to
translate the storage and flows of energy in urban and regional systems into equi-
valent fossil fuel energy and then to estimate the current monetary value of that
fossil fuel energy. There are numerous problems with this approach, including the
fact that many phenomena do not have an energy equivalent: species scarcity, recrea-
tional areas, beautiful landscapes, etc. The uncertainty involved in estimating the
magnitude of energy flows is high; the concept that the market value of fossil fuel
equivalent energy captures the value that society places on such environmental goods
as marshes and lakes can be questioned.

In the environmental value function (EVF) approach, disciplinary experts
translate levels of different environmental components into a common environmental
quality scale, usually ranging between 0 and 1 (Dee et^ al_. 1973). While this ap-
proach has the advantage that a common value can be ascribed to all phenomena, com-
ponents and processes in the environment, its principal disadvantage is that the EVF
value derived for one locality and time is not necessarily valid for other locali-
ties and times. The problem can be avoided by formulating new EVF's for each EIA,

but this solution can be costlv and time-consuming. In addition, the translation
process is value-laden. Consider, for example, the EVF employed in the Environmen-
tal Evaluation System for high quality, man-made structures (Dee et ad^. 1973). The
function ranges from 0.4 for high density settlements to 1.0 for low or zero density
settlements. The EVF curve between these two extremes is non-linear, increasing
initially at an increasing rate and then at a decreasing rate. There does not

appear to be any rationale for assigning high density a value of 0.4, nor for the

shape of the EVF curve.

Utility functions are similar to EVF's in that they translate the levels of

different environmental components onto a 0-1 scale (Keeney and Robillard 1977).

The major differences between the two measurement units are that:

(a) the derivation of the utility scale includes consideration
of a group or individual's attitudes towards risk;

(b) the utility scale is only meant to be used for defining the

preferences of a single individual or group whereas the EVF
is supposed to represent the values of society as determined

by a group of experts.

One of the maior drawbacks of the utility function approach is the difficulty

involved in evaluating the utility scales. On the other hand, a major advantage of

this approach, over all other common measurement techniques, is that interdepen-

dencies among EC's can be taken into consideration by using the principles of multi-

attribute utility theory (MAUT) (Keeney and Raiffa 1976) .

Numerous means of standardizing measurements onto a common arbitrary scale

have been described in the literature. As noted by Voogd (1983), selection of an

appropriate standardization method will depend on the data requirements of the

evaluation method (i.e. whether it calls for interval or ratio data) and the desira-

bility of having extreme values of 0 and 1 rather than some other extreme values. A



ASSESSMENT OF EIA METHODOLOGIES 19

practical limitation of some standardized scales is that they can only be used when
three or more alternatives are being compared. If only two alternatives are being

compared, then the impact magnitudes of the two standardized EC's will always be two

extreme values (e.g. 0 or 1). If a self-evaluation is being performed, then

standardization of impact magnitudes of an EC across alternatives is obviously not

necessary.

Another problem with standardized scales is generated by the fact that the

extreme values on the scale are relative rather than absolute values. They depend

on the impact magnitudes of the alternatives under consideration. If a new alter-

native is introduced to the standardized scale, and if the level of the relevant EC

in the new alternative is higher or lower than the level of that EC in all other
alternatives already included in the scale, then its standardized value will become

an extreme value on that scale. As a result^ the standardized values of all other

alternatives, already on the scale, may change. This, in turn, may lead to new

ranking of the alternatives when aggregation is performed. The problem that arises

here is that the altered scale values may cause an alternative that ranked lower

than another alternative on the old aggregation to rank higher than that other
alternative in the new aggregation, simply because the range of the standardization
scale has changed not because the impact magnitudes have changed.

All common measurement systems have at least one or more serious drawbacks.
The problems are unavoidable in evaluation if a complete or limited degree of aggre-

gation is desired. However, there are two ways in which their severity can be

reduced. The first is to explain, carefully, how the common measurements were
formulated and whose value judgements were involved in the aggregation during
presentation of the evaluation results. The second partial solution to the problem
is to transform all environmental components into more than one common measurement
unit, say dollars and environmental quality, and then weigh these two measures
against one another. This solution assumes that not all EC's can be measured in

common units, but attempts to aggregate the EC's into as few different measurement
units as possible. The ultimate evaluation, therefore, involves determining the

relative values of these measurement units.

Ease of understanding.
The results of an evaluation method should be understandable without too much

difficulty. If that understanding is not present, then the results are likely to be
viewed with scepticism or discounted altogether. The extent to which an evaluation
method is easy to understand is affected by the measurement issue. A form of measu-
rement that is suitable for aggregation tends to be more difficult to understand
intuitively. Ease of understanding is also affected by the degree of aggregation
used by a method and the amount of information that has to be evaluated. If the
amount of information is high and some kind of full or partial aggregation is not
used, then it may be very difficult to make conclusions about a preferred alterna-
tive from the disaggregated evaluation results. However, as noted earlier, a large
amount of aggregation may conceal information which can lead to misunderstandings
about how the evaluation results were derived and about the meaning of the results.

The number of alternatives to be evaluated.
An important factor to consider when choosing an evaluation method is the

number of alternatives involved. Most evaluation methodologies were designed for
the evaluation of alternatives rather than self-evaluation. Methods which employ
standardizations are commonly restricted to situations in which there are at least
three alternatives. Finally if a large number of alternatives are being considered,
then methods which use some form of aggregation may be preferred to disaggregated
approaches

.

Public involvement.
The evaluation stage must include public involvement. There must be public

input to the implicit or explicit weighting of the EC's. If relevant groups have
been identified, then these groups should each be allowed to identify their own EC
weightings. Unfortunately, there is no easy solution to the problem of how to
aggregate these different weightings.
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Checklist of criteria for choosing an evaluation method

1. Is an evaluation method necessary? Can the scope of the evalua-
tion problem be reduced?

2. Is the number of alternatives large or small?
3. Is there at least one alternative to be compared against the

proposal?
4. Should the method be easy to understand?
5. Should aggregation be performed?
6. Should the EC's be weighted?
7. Should relevant groups have input to the weighting process?
8. Should the different groups themselves be weighted?
9. Are multiple objectives being evaluated?
10. Is there a common measurement unit?
11. What level of measurement is needed? Should the aggregation be

meaningful in a mathematical sense?

MONITORING

There are two types of monitoring: compliance or surveillance monitoring,
which ascertains the degree to which the construction and operation of the project
complies with the mitigation and operating guidelines specified in the EA; and

effects monitoring (Duinker 1985;Baker 1976; Cowell 1978; Sanders and Suter 1980),
where the actual and predicted impacts are compared with each other, and if the

differences in the former are unacceptable, mitigating measures are undertaken.
Effects monitoring is also vital for the calibration of models designed in the

scoping phase and tested on a preliminary basis during the prediction phase.
Indeed, effects monitoring provides the only mechanism for assessing the accuracy of

predictions

.

Public concerns about the project and its impacts should also take place prior
to and during construction and for some period after the project is completed and

operating. Public concerns monitoring allows potential opposition that may arise
during each of these stages to be identified before reaching serious proportions, a

solution being found either through mitigating actions or educational programs

(Maclaren and Whitney 1984). The public should be allocated a role to play in each
of these types of monitoring.

Criteria for the assessment of the monitoring program

1. Are provisions made for compliance and effects monitoring?
2. Are the data to be collected from effects monitoring relevant to

hypothesis and prediction testing?
3. Who is to be responsible for the collection of effects monitoring

data?
4. Is provision made for the monitoring data to be used effectively

in mitigation and prediction modelling?
3. Is public concerns monitoring to be established?
6. Over what duration will it operate?
7. What use will be made of the information gathered?

8. What role will the public play in the monitoring process?

MITIGATION

Mitigation actions can be recommended at three different stages of EIA

(Fig. 1): at the scoping stage, when it becomes clear that the project cannot be

considered without mitigation; at the significance assessment stage, to mitigate
adverse envionmental impacts revealed during prediction; and during monitoring, when

unforeseen impacts occur.

Mitigation actions can take a number of forms. Changes can take place in the

project, itself, with respect to design, industrial or other process, raw materials

substitution, and, change of location to a less environmentally sensitive area.

Another alternative is the application of remedial measures to the environmental
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component affected (e.g. aeration of a stream with high BOD). Barriers or baffles

(e.g. a noise barrier) can be placed between the source of the impact and its reci-

pient. Another alternative, increasingly used today, is some form of compensation

for those exposed to unavoidable project impacts (Grima, this volume; Haussmann

1982).

Criteria for the assessment of mitigation

1. Has the full range of mitigation been considered when selecting
those recommended?

2. What criteria have been used to select proposed mitigations? Are
they supportable?

3. Was there input from both the public and scientists in the selec-
tion of mitigation measures?

4. If compensation is to be used, has it been allocated equitably
according to the severity of impact experienced by different
groups?

CONCLUSION

The purpose of this paper has been to provide an "ideal" framework against

which the strength and weaknesses of environmental assessments can be judged.

The framework starts from the premise that societal goals and objectives
provide the criteria against which any project-related environmental change must be

assessed and evaluated. The PVEC's identify not only the components of the environ-
ment that are important to society but the desired quality of those components. The

task of environmental assessors is to link the PVEC's to the impacts generated by a

specific project and its alternatives by the most rigorous predictive techniques at

their disposal. The go/no-go decision or the selection of a particular alternative
will be based on the degree to which the predicted quality of individual PVEC's is

enhanced or damaged and on the overall net benefits of the project to society as a

whole

.

The monitoring of the actual effects of the project, after its commencement,
will provide the data to test the hypotheses formulated at the prediction stage and

validate the predictive models used. When significant differences occur between
actual effects and those predicted, appropriate mitigating actions can be carried
out and the hypotheses and models refined so that they can be used to predict
future project more accurately.

The authors realize that it may not be appropriate or feasible to apply all of

the criteria that have been identified in this framework to the design of every
environmental assessment study, because of project scale or budgetary constraints.
Each project must develop its own priorities for the elements to be included in the
study design. These should be selected according to the basic principles underlying
this framework: that public goals concerning the environment and its quality should
determine the kinds of scientific information gathered, the nature of the predic-
tions made, the significance of the results of these predictions, and the overall
evaluation. In addition, each EIA must be viewed as an experiment where predictions
are tested against reality, and where the knowledge gained from one "experiment"
contributes to more successful prediction in others.

FUTURE RESEARCH

It is also realized that before many of the criteria outlined above can be
incorporated in future studies, much research and discussion is required. Among the
most crucial questions to be answered are:

1. How are the PVEC's and their associated standards to be
identified?
What are the most appropriate methods for gathering public opinion
about environmental issues? Do the views of those who attend
public meetings and hearings reflect those of the silent majority?

2 .
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Are the standards designated by government agencies commensurate
with levels of environmental quality perceived by the public?
What can be done to reduce discrepancies?
Can common measurement units be devised to evaluate, more appro-
priately, the wide range of socio-economic and biophysical
environmental components found in EIA?
Where common measurement units cannot be employed, what is the

most desirable level of aggregation/disaggregation for different
levels of decision-making or public information?
What institutional mechanisms can be found to make "effects
monitoring" a more vital part of the whole EIA process?
Since effects monitoring is a long and expensive process, what
role can be found for the public in the project area to carry out

this work?
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APPENDIX

DESCRIPTION OF SELECTED EIA METHODOLOGIES

There are numerous examples of environmental evaluation and assessment methods
in the literature, but this Appendix will examine only six of the more widely
recognized ones. Some methods not reviewed here include: Sorensen's (1971) Network
Analysis; Ross's (1976) Matrix Approach; Lichfield's (1964; 1975) Planning Balance
Sheet (PBS); The Water Resources Assessment Methodology (WRAM) developed by Solomon
et al. (1977); The Kane Simulation Model (KSIM) by Kane et al . (1973); the Environ-
mental Quality Assessment Methodology (EOAM) by Duke (1977); Gilliland and Risser's
(1977) Systems Diagrams; and, the Judgemental Impact Matrix (JIM) by Peterson et al

.

(1974). These and numerous others have been reviewed elsewhere by Coleman (1977),
Bisset (1978), Munn (1979), Clark jrt jlU (1980), McAllister (1980), Nichols and
Hyman (1982), and Canter (1983).

Since the methods reviewed here are frequently referred to in the literature
as EIA methodologies, covering all steps of the EIA process, characteristics of the
methods other than those relating strictly to the significance assessment and evalu-
ation stages will also be described qnd compared to the methodological framework
outlined in this paper.

None of the methods reviewed here fulfills all of the requirements of an ideal

EIA methodology. Each method has its own strengths and weaknesses. Therefore, an

important consideration in choosing an EIA methodology is to match the method to the

problem. One should identify the methodological concepts that are felt to be most
important for a particular EIA and then choose a method that most closely satisfies
those important concepts. For example, if ease of understanding in the evaluation
stage is of crucial importance, then choose a method such as that of Leopold or

McHarg. In both cases, mathematical validity, a weakness of these two methods, must
be sacrificed for ease of understanding, a strength of the methods.

In practice, none of the methods found in the literature may be entirely suit-

able for a particular problem. In that case, the best approach may be to develop a

hybrid method that satisfies the methodological characteristics that have been iden-

tified as important. This may be accomplished by adapting relevant conceptual
approaches found in formal methodologies.

The Leopold Matrix (Leopold _et_ al_. 1971) is a methodology that has been
designed to identify and assess the significance of environmental impacts. It was

not designed as an evaluation methodology and the predictions it produces are

measured in ordinal rather than interval or ratio units. The matrix contains 100

columns, representing all possible development activities, and 88 rows, representing
all potentially impacted EC's. Not all cells in the matrix will be filled for a

particular impact. The instructions for using the matrix tell the user to assign to

each cell one number, on a scale of 1 to 10, indicating his or her estimates of the

magnitude of a particular impact, and another number, on a scale of 1 to 10, repre-
senting the significance of that impact. A score of 10 represents impacts of the

highest magnitude on the first scale, and impacts of the greatest significance on

the second scale. Leopold does not provide guidelines about how the scale values
should be derived. This decision is, therefore, a subjective one that is left to

the analyst, who may or may not consider the criteria for significance assessment

described earlier in this paper.
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Although Leopold does not ascribe an evaluation role to his matrix, some have

suggested that application of simple additive weighting of the magnitude and impor-

tant values in each cell could be used to estimate overall impact (Nichols and Hyman
1982). The major drawback to this suggestion is that the result would not be

mathematically valid and would conceal enormous amounts of information. On the

other hand, the disaggregated Leopold matrix contains 8,800 cells and, if all cells

are filled, 17,600 pieces of information for each alternative. If there is more
than one alternative, i.e. if the evaluation involves a comparison of alternatives
rather than a self-evaluation, then the amount of information presented to the

decision-maker will be even greater. As an alternative, Munn (1979) has suggested

the use of a modified Leopold matrix of not more than 10 x 10 cells to reduce the

amount of information presented to the decision-maker. Only the most important
impacts would be included in this matrix.

Another drawback of the matrix is that it is formulated with little or no

public involvement. No attempt is made to identify the relevant social groups and

no attempt is made to reduce the evaluation problem from the beginning by determi-
ning what the valued EC's are. The best use of Leopold's matrix is probably as a

tool for identifying potential impacted EC's in a scoping exercise. It should not

be relied on as a vigorous significance assessment or evaluation methodology.

The McHarg overlay method (McHarg 1969) can be used for identification of

potential development sites or routes, for screening, and for evaluation. The first
step in the method is to prepare a set of maps of the study, one for each of the

valued EC's, on which different categories of shading indicate different magnitudes
of potential impact by a development. The darker the shade at a particular spot on
the map, the greater the implied impact and the lower the implied suitability of the

land for development. A typical set of categories for an EC, say wildlife, might
include high (dark shading), medium (light shading) and low (no shading) value or

quality classes. The formulation of the "high", "medium" and "low" categories
obviously requires a difficult value judgement about significance of impacts. There
is no explicit provision in the method for inclusion of the opinions of relevant
social groups in arriving at these value judgements.

Once the EC base maps have been prepared, the next step is to lay them on top
of one another and identify the areas with the lightest shading. These are the
areas that are most suitable for development and will create the lowest aggregate
impact. The method of aggregating impacts by overlaying maps is equivalent, in

numerical terms, to giving equal weight to each EC and using the simple additive
weighting evaluation technique. The method, therefore, possesses the strengths and
weaknesses that have been described earlier. The key positive characteristics of

the overlay method are that its aggregation principles are easily understandable and
that it uses an effective visual display to communicate results. The method can
readily be computerized (Krauskopf and Bunde 1972; Lyle and von Wodtke 1974).

The Goals Achievement Matrix (GAM) (Hill 1968) represents one of the earliest
attempts to address both the multiple objective and the multiple decision-maker
problem in evaluation. The function of GAM as an evaluation method is to compare
alternatives; it is not capable of performing self-evaluations.

The rows in the matrix referred to in the name of the method are the land uses
or community groups that will be affected by development. The columns in the matrix
are the goals, expressed as objectives, which must either be maximized or minimized.
The cells in the matrix contain quantitative or qualitative measures of the extent
to which an alternative will result in progression towards or regression away from
achievement of a particular objective for a particular group. The impacts for each
objective need not be measured in commensurate units and may include intangible and
uncertain impacts. As much as possible, however, the measurement of all objectives
is in quantitative rather than qualitative units. For example, Hill measures
attainment of the objective "Peace of Mind" in a local community by the extent of
congestion on the major transportation routes in that community and the extent of

vehicular-pedestrian separation (Hill 1973).
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Prior to assessment of impacts, the affected community must assign weights to

each objective and provide estimates of the relative weights applied by each

affected group to the objectives. Hill does not describe the exact manner in which
these weights are calculated, nor how the public is involved. The results of the

evaluation from GAM can be presented in either a disaggregated form or in an aggre-
gated way using one of three methods:

(a) the first aggregation method multiplies the objective weights and
unstandardized impact and then sums all weighted impacts;

(b) the second method transforms all impacts to an ordinal scale,
multiplies the ordinal impacts by the objective weights, and then
sums the weighted impacts;

(c) the third approach involves transforming all impacts, including
ordinal impacts, onto a common interval or ratio scale and then
summing weighted impacts to produce a single impact value.

As noted earlier in this paper, none of these aggregation methods is entirely
satisfactory and Hill advocated the disaggregated form of GAM. This version of GAM
is fairly easy to understand in the sense that there are no complex mathematical
calculations involved. On the other hand, the implications of the matrix can be

extremely difficult to grasp if there are several alternatives, several affected
groups, and several objectives, because of data complexity. The extent to which the
different degrees of aggregation possible in GAM are methodologically sound, has
been investigated by Sager (1981). Booth and Jaffe (1978) note that regardless of

GAM's drawbacks, modified versions of the method are widely used in planning.

The Environmental Evaluation System (EES), developed by Dee et al. (1973),
generates a single overall impact value for each alternative. The first step of EES
is to transform predicted impacts for 78 EC's onto a common scale using an environ-
mental value function described in a previous section. The EVF varies between 0 and

1, where 0 indicates very low environmental quality and 1 indicates very high
environmental quality.

The relative importance of the 78 EC's is quantified by a panel of experts
with the aid of ranked pairwise comparisons and the Delphi procedure for reaching a

consensus over the number of parameter importance units (PIU) to allocate to each
EC. A total of 1,000 Pill's can be assigned to the 78 EC's; the number assigned to

each EC represents the weight of that EC relative to all others. The impact of an
alternative on an EC, as calculated by the EVF, is then multiplied by the relevant
PIU to generate an environmental impact unit (EIU) for the EC. In the final step,
all of the EIU's for a particular alternative are summed together to generate an

overall measure of environmental quality for that alternative. EES attempts to

reduce the amount of critical information lost in aggregation by including a summary
table of EC's that experience high percentage changes in environmental quality.

Although EES claims to evaluate impacts on both the biophysical and socio-
economic environments, the number of socio-economic EC's it includes is small rela-
tive to the number of biophysical EC's. This is not a major problem because a new
panel of experts could be formed to calculate new EVF's and reallocate PIU's.

A characteristic of EES that does present a problem is the fact that it cannot
translate the monetary costs and benefits of a project onto the environmental quali-
ty scale. Therefore, it cannot fulfill the objective of producing a single overall
impact value for each alternative. Evaluation with the method will eventually
involve a comparison of dollars and environmental quality units.

EES does not identify relevant groups in the scoping stage and is lacking in

any formal method of public involvement. Presumably, the PIU's could be allocated
by members of the public rather than by experts, but the complexity of the alloca-
tion process, with 1,000 points being allocated among 78 EC's, reduces the feasi-
bility of this approach.

EES does not explicitly consider bounding in the scoping stage, nor does it

identify the valued EC's for each project. It assumes that all 78 EC's are valued
for all projects.
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EES does not make predictions about the magnitude of impacts but assumes that

the predictions are given. The EVF, by attributing a level of environmental quality
to the magnitude of an impact, is implicitly assessing the significance of that

impact. Although EES does not explicitly identify the criteria that are used to

assess significance, it is evident from inspection of the EVF ' s that at least some

of the criteria suggested in this paper have been considered.

The Sondheim Method (Sondheim 1978) is very similar to EES in that its objec-
tive is to produce a single measure of the impact of an alternative on the environ-
ment. However, the Sondheim method differs from EES in accomplishing this objec-
tive. It relies more on public involvement rather than scientific expertise in the

aggregation process; and the weighting and significance assessment of EC's are
project-specific rather than predetermined.

The first step in the Sondheim method is to assemble two independent panels to

assess the magnitude of impacts of the different alternatives and to weight the

relative importance of the EC's. The panel dealing with the first task is comprised
of experts; the second panel includes members of the public, government and

industry. The results generated by the first panel are standardized so that non-
commensurable impact magnitudes can be compared. While the experts are rating the

impacts, each member of the second panel is weighting the relative importance of the

EC's. The next step is to apply the weighted summation method to evaluate each
alternative. This step produces as many evaluations of the alternatives as there
are members of the second panel. The final step in the Sondheim method is to

standardize each member's evaluation of the alternatives onto a common scale and

then sum up the standardized scores assigned by each member to the alternatives in

order to arrive at a group evaluation. Sondheim proposes that each member of the

second panel should be given equal weight in this final aggregation step, but notes
that the results of the equal weighting approach may bias the evaluation towards in-

terested parties that have a greater number of members on the panel. He emphasizes
that the validity and acceptability of the method depends on the weighting panel

being representative of the impacted community, or what we refer to as the relevant
groups

.

One of the weaknesses of the Sondheim method is that the EC weights appear to

be derived independently of the EC levels. This problem could easily be remedied by
sending the results of the impact predictions from the group of experts to the

second panel prior to formulation of the weights.

The mathematical manipulations in the Sondheim method are fairly complex and
not easy to understand; multiple objectives are considered and public involvement is

present; and, finally, the results are mathematically valid. However, as with EES,
many feel that the greatest drawback of the Sondheim method is its attempt to

produce a single value representing overall impacts. The final aggregation conceals
a great deal of information. Sondheim's attempt to aggregate values across members
of the weighting panel is clearly unsatisfactory because equal weights are represen-
tative of neither political power nor spatial extent of the project impacts, except
in very special cases.

Decision Analysis (Keeney 1980; Keeney and Robillard 1977) is an evaluation
method that has received considerable attention in the urban and regional planning
and business management literature. It has many of the desirable characteristics of
an EIA methodology but has not been used frequently in practice because of difficul-
ty in understanding the mathematical manipulations and value judgements involved.

A

notable advantage of decision analysis over other methods is that it incorporates
screening in both the scoping and evaluation phases. It also emphasizes the role of
multiple objectives in EIA and uses a common measurement unit that is widely
accepted in economic theory - utility. Unfortunately, the concept of utility is

much more widely accepted as a theoretical rather than as a practical tool for

analysis. As noted earlier, the derivation of utility functions is a complex
process that can be quite time-consuming and requires direct interaction with an
identifiable individual or group. Both of these requirements tend to restrict the
use of decision analysis in practice.
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The first step in decision analysis is to identify all potential candidate
projects through a screening process. The screening criteria may be based on

standards (e.g. risk of an earthquake), functional requirements of a project (e.g.

need for access to water), cost considerations (e.g. distance that goods must be

transported to or from nearest railroad) and environmental factors.

The next step is to define the relevant objectives (such as minimizing
environmental impacts) and their attributes (such as percentage increase in SO2

emissions). The objectives chosen appear to be those that are identified by a

client or given individual rather than the public. The attributes may be measured
on an ordinal, interval or ratio scale. Before they are transformed to a common
scale, the attribute levels are screened to determine whether any alternatives or

attributes (EC's) can be eliminated from further consideration. It is not clear
what criteria are used to determine whether or not an impact is significant.

In the next step, a team of experts makes probabilistic predictions about the
future levels of attributes that remain after the screeening process. The impact
magnitudes are transformed onto a 0-1 utility scale that includes consideration of

risk attitudes. The evaluation stage of decision analysis involves aggregating the
weighted utility values into a single value and choosing the project that maximizes
weighted utility. The weighting process includes consideration of interactions
among the different attributes. It is possible to include the opinions of relevant
groups in the aggregation if the relevant groups can reach an agreement over the
relative important weights to be assigned to each group. If the groups cannot reach
an agreement, then the analyst should identify a range of weights for each group and

perform a sensitivity analysis.

Decision analysis appears to possess almost all of the characteristics of an
"ideal" EIA methodology. However, as noted above, its greatest weakness is diffi-
culty in understanding the process for deriving utility functions.

SUMMARY

Table 1 summarizes the characteristics possessed by the evaluation methodolo-
gies described in this Appendeix. It indicates whether or not a methodology expli-
citly considers selected characteristics of an EA methodology, discussed earlier in

this paper, in a satisfactory manner. The table, which may be considered a

"subjective" evaluation, highlights
appropriate methodology and clearly
reviewed is completely satisfactory.

the trade-offs
indicates that

involved in

none of the

selecting an

methodologies
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Table 1. Summary of table of EIA methodologies

Leopold McHarg EES GAM Sondheim Decision
Analysis

Scoping
Identify relevant groups 0 0 0 XX XX XX
Identify PVEC's 0 X 0 XX XX XX
Identify SREC's X X X XX XX XX
Bounding 0 0 0 0 0 XX
Hypothesis formulation 0 0 0 0 0 0

Prediction
Baseline predictions 0 0 XX 0 0 0

Variability 0 0 0 0 0 0

Levels of measurement X X X X XX X

Uncertainty 0 0 0 0 0 XX
Probability 0 0 0 XX 0 XX
Interactions 0 0 0 0 0 XX

Significance assessment
w/o project comparison 0 0 XX 0 0 0

Cumulative effects 0 0 0 0 0 0

Impact duration 0 0 0 0 0 XX
Risk 0 0 0 0 0 XX
Stability and resilience 0 0 0 0 0 0

Relative magnitude 0 0 XX 0 0 XX
Standards 0 XX XX 0 0 0

Evaluation
Multiple objectives X XX X XX XX XX
Level of measurement suitable

for aggregation X X XX X XX XX
Weighting of EC's 0 X X X X XX
Weighting of relevant groups 0 0 0 X X X

Common measurement units X X X 0 XX XX
Ease of understanding XX XX X XX X X

Number of alternatives -

self-evaluation X XX X XX 0 0

many alternatives X XX XX XX XX XX
Public involvement 0 X 0 X XX XX

Key: 0 - Not explicitly present; X - Present but not satisfactory;
XX - Satisfactory
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PARTICIPATORY RITES:

INTEGRATING PUBLIC INVOLVEMENT IN ENVIRONMENTAL IMPACT ASSESSMENT

A.P. Grima
Department of Geography and Institute for Environmental Studies,

University of Toronto

The impacts on the human environment of mining, urbanization, transportation,

toxic waste disposal and other activities are complex and their understanding is

fraught by scientific uncertainty and public- anxiety^. The science is complex enough
without the added complication of consulting and involving the public; it is indeed

tempting to limit the discussion and involvement to the experts and the few elected
representatives of the public. However, public involvement in environmental deci-
sion-making has gained wide acceptance. In Ontario, the Environmental Assessment
Act (1975) includes provision for public consultation and judicial review; in the

U.S., the National Environmental Policy Act (1969) has similar provisions.

Perhaps the institutional acceptance has been too fast: public involvement is

still viewed largely as public information, education, public relations or simply
"getting a project through". In spite of the flood of new literature in this field

(see Jaffray 1981b and Ontario Hydro 1981 for recent bibliographies) and frequent
conferences (see, for example, Bonner and Shimizu 1975; Plewes and Whitney 1977;
Sadler 1977; 1979), the outcomes of public involvement have been uncertain. There
have been only a few outstanding examples of productive involvement (e.g. Berger
1977). The literature on the practice of public involvement is characterized by a

"deficiency of frameworks for analysis" (Sewell and Phillips 1979:337). The litera-
ture presents one with the feeling of groping for organizing principles, at times
with the feeling that public participation is a matter of trial and error or even
merely lip service and window dressing. One could be satisfied with the notion that

one does one's best; on the other hand, time and experience need not, by themselves,
increase our understanding of public involvement and it may be untenable to continue
some of the pretentions current in public involvement. The challenge is to improve
the quality of the participatory process in environmental decision-making, and

particularly in environmental impact assessment (EIA).

The major focus of this paper is the design of an appropriate public involve-
ment program for EIA. How does one judge a public involvement program? Two minor
foci of the paper are the rationale(s) and scope of public involvement and the

relatively new literature on environmental mediation and compensation. The paper
consists of four parts. The first part discusses the nature and scope of public
involvement; it poses the questions "what?" and "why?". The second part focusses on
the design of a public involvement program; it poses the questions "who?" and
"how?". The third part discusses the role of mediation and compensation in EIA. In
the concluding part of the paper, some recommendations are drawn from the previous
discussion.

THE NATURE AND SCOPE OF PUBLIC INVOLVEMENT

The scope of public involvement in environmental planning and policy-making
needs to be examined for several reasons. First, there is increasing insistence
that the public(s) most closely affected by a policy or plan be involved in the pro-
cess. Second, public involvement is supposed to meet several goals. For example,
planners may wish to incorporate the public's values and objectives into their
plans; in this sense, public involvement becomes a planning tool, leading to better
decisions. The politicians and government experts might wish to legitimize their
decisions by airing in public the technical complexities and the political diffi-
culties involved in arriving at a particular decision. Third, the expansion of
opportunities for public participation has occurred within the last two decades and

it seems appropriate to take stock.
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There is a lingering apprehension on the part of some of the scientists, admi-

nistrators and public advocates as to the utility of public involvement; at one
extreme public involvement is viewed as an empty ritual and at another extreme it is

viewed as a waste of time and money and as a threat to the power of elected repre-
sentatives (e.g. Burton 1979:13). This section elaborates on the dilemmas posed
above

.

There have been several calls for more clarity in terminology in discussions on
public involvement in policy-making. Kasperson and Breithart (1974:3) go so far as

to question whether the term "participation" has any intrinsic meaning. They
suggest that there can be little meaningful discussion until we pull the word apart
and reassemble it in a full-blown glossary of values, meanings, intentions and

behaviours. The literature remains essentially disjointed; the field as a whole
lacks commonly accepted definitions. In a recent review, Mitchell (1979:120) argues
that a necessary, but not sufficient, condition for clarity is development of stan-
dardized definitions for key concepts. The question of definitions goes beyond mere
semantics; it has practical significance, particularly since there is a wide range
of rationales for public participation in the context of a multi-party democratic
system of government (Grima and Mason 1983:25-32). As long as there is "a very real
and widespread divergence of opinion as to what exactly the concept constitutes and
involves" (Burton 1979:15), there is likely to be confusion about the design of

public involvement and disappointment among the participating public(s), experts and
government officials.

In another paper (Grima 1977), I have defined involvement as an interconnected
complex of activities by four principal classes of actors namely Government (cabinet
and civil service), the Courts, Appointed Boards (Royal Commissions, Congressional
and Parliamentary Inquiries, etc.) and the Public (individuals and organized groups)
(Figure 1). The activities or modes of involvement are:

1. the election of representatives at various levels of government
and constituency organizations in order to influence legislation
and the administrative process;

2. litigation before the courts and requests for judicial review of

administrative decisions;

3. information, education, and

4. public participation or consultation.

In this paper, public participation excludes legal action and the election
process when the public intervenes to change decisions or the decision-makers. At

the other end of the spectrum, one could exclude activities directed primarily to

education, information and public relations. Information and education have a valid
place in the whole complex of involvement but do not constitute public consultation
and/or participation by themselves.

The activities and actors that constitute the involvement complex are inter-

connected; indeed they are a seamless whole. A concerned and organized public is

more likely to have a strong constituency organization and to bring about the

election of representatives who are responsive to the need to inform and consult
their constituents between elections and to pass legislation that provides more
opportunities for public input into planning decisions. The laws in turn make it

possible for citizens to challenge decisions before the courts or to ask for public

reviews of plans and policy options. This complex of involvement (i.e. inter-

vention, participation and education) constitutes the institutional context for

public involvement or what Sewell and O'Riordan (1976) aptly call "the culture of

public participation". In the U.S. there are more opportunities for public involve-
ment in environmental policy making than in Canada; information is more accessible,

standing in court is easier to obtain and there are several laws that mandate public
involvement e.g. the Community Action Program (1964), the National Environmental
Policy Act (1969) and the Coastal Zone Management program. On the other hand,

Canadian federal and provincial legislation does not encourage public involvement
(or intervention) in environmental decision-making (Lucas 1976, see also chapters by

Pushchak, and Emond in this volume).
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In brief, the scope of public involvement has to be evaluated within the insti-
tutional context or "culture"; at the same time the specific programme or event of
public involvement is only meaningful if it contributes to the amelioration of that

culture either by producing a more confident public or by eliciting a more appro-
priate institutional response. For example, the Ontario Environmental Assessment
Act (1975) mandates public review; it followed the Spadina Expressway and Pickering
Airport events in which organized public-interest groups lobbied effectively to

"delay" the construction of two major projects which had serious environmental
implications. The passing of this Act as well as the Spadina and Pickering deci-
sions are best understood in the context of an election campaign (1971) and minority
government (1973), respectively. On the other hand, several major projects (e.g.
Darlington and the proposed central toxic waste management facility) have been
exempted from the Environmental Assessment Act, which was hailed as the key to more
public involvement in EIA.

It is important to emphasize this contextual perspective or gestalt of public
involvement ( i. e

.
participation-legislation-litigation-elect ion- informat ion-

education) . The meaning and value of public participation and consultation has
become blurred not by happenstance but because these concepts and terms have been
adopted by a wide variety of interested groups, concerned individuals, political
leaders, government agencies, captains of business, and consultants. All these in-

terests tend to focus on narrow objectives and specific modes of public involvement
and tend to adopt highly biased perspectives. It is therefore easy to conclude that

the literature is simply confused and full of contradictions. Another, and more
sophisticated interpretation, is that the literature is full of examples of attempts
to rationalize narrow interests as the defence of public involvement or as the need
to repel single-interest public(s) on behalf of the general public.

If there is little agreement on what constitutes public involvement, there is

even less of a consensus on why public involvement has a role in planning a high
quality environment in a democratic society. This topic has been addressed incisi-
vely and at some length by Pateman (1970) and Macpherson (1971); in a recent review,
Grima and Mason (1983:31) distinguish among four positions:

"Firstly, in a pluralistic-elitist-equilibrium-democratic political
system, public (involvement) is part of the "market" process whereby
political goods are supplied by candidates for elective office and

demanded by constituents Secondly, and still within the prevailing
equilibrium democratic model, public involvement may help either to

resolve conflicts or to make difficult political decisions more accept-
able by pointing out the conflicting public views about complex issues.

Thirdly, if one preferred a more participatory framework for decision-
making... the participation process ...( is) ... part of ongoing personal and

community development ...( and) .. .a means for bringing about a more
participatory democracy. Fourthly, to those who wish to abstain from
the political-philosophical controversy but who wish to base policy
decisions on better information, public (involvement) is one technique
for improved planning".

The elaborations on these rationales for public involvement is an important
thrust for research in this field. Such elaboration is beyond this brief paper but

it should be emphasized that the design and evaluation of public involvement should
specify which of the four rationales has been adopted. The same public involvement
design may be considered to be a failure in generating planning alternatives but a

success in enhancing the community's and individual's sense of cohesion and resi-
lience; the same event of public involvement may be considered by elected officials
as costly, time-consuming and frustrating but planners may consider it necessary to

better articulate or to legitimize a plan.

PUBLIC INVOLVEMENT AND EIA/SIA

The National Environment Policy Act (NEPA) (1969) established environmental
impact asessment (EIA) as a planning tool; social impact assessment (SIA) and

technology assessments (TA) have also become increasingly widespread planning
tools. Public involvment could contribute data, values and special, often local,
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information to the EIA/SIA process. In addition, a successful public involvement
program would increase the chances of public acceptance and the successful
implementation of an EIA/SIA. Unfortunately, the role of public participation in

these processes is at best ambiguous, since the public involvement program in

EIA/SIA often focusses on the more formal regulatory requirements for public review
and public hearings.

For example, under the Ontario Environmental Assessment Act (EAA), the public
has the opportunity to submit a written brief at the review stage of the assessment
and there are no limits on the right of any person to submit written briefs at this

stage. However, the Minister has the power to refuse to refer the matter to the

Environmental Assessment Board (EAB) if he considers the hearing requirement to be

frivolous, vexatious, unnecessary or a cause of undue delay. In order to avoid
delay, several mega-projects have been exempted from the EAA (e.g. the Darlington
nuclear power generating station and the proposed Ontario central facility for

hazardous waste treatment)

.

The EAB is a tribunal rather than a forum for discussion. The first point at

which the public may present its views (i.e., at the review stage) presents a limi-

ted form of public participation; a written submission will likely involve little
dialogue. If the EAB holds public hearings, the adversarial, formal style of public
intervention predominates. Such a procedure may have a "useful" deterrent value;
the proponents of projects may wish to avoid the long procedures of written sub-

missions, review and public hearings before the EAB and may opt for consultation
with the public ahead of time. This could result in meaningful dialogue and

participat ion.

There is an emergent literature that attempts to articulate the relationship of

EIA (and particularly SIA) and public involvement (Grima 1977, Delli Priscoli 1978,
Creighton 1980 and Daneke et al . 1983). The role of public involvement in EIA/SIA
includes the articulation of impacts on the individuals and the community, as well
as a qualitative/quantitative assessment of such impacts. The public may also
articulate priorities and trade-offs.

It is quite correct that social impacts could be assessed without public
involvement by means of state-of-the-art reviews and by utilizing published data on
employment, demographic patterns, income, etc. In fact, the difference is more
basic than simply one of approach or technique. Those practitioners who involve the
public directly are in fact asserting the rights of citizens to participate in the
decision-shaping process since the very act of "asking" for a citizen's views also
alerts him/her and raises the possibility of organizing in support of their
interests or priorities or value-based choices. What are the objectives of EIA/SIA:
a "scientifically" correct assessment of impacts or the correct representation of a

community's preferences?

There are no hard and fast answers to the dilemmas raised in this section.
Clearly, public involvement in EIA/SIA or in another planning activity takes place
either at the insistence of one or more publics or at the invitation of the planning
agency. The dynamics of each case may result in a strident, polarized and highly
politicized process (e.g., Pickering airport or Spadina) or in a survey of views
with no polarization of the issue (e.g. Atikokan power generation station) or
anything in between. It is sufficient that the professionals and the interested
public(s) be aware of the wide range of "approaches" to the role of public
involvement in EIA/SIA. (See also chapter by Whitney and Maclaren, and by Jaakson
in this volume.)

PUBLIC INVOLVEMENT: WHO? HOW?

In order to make the best of the public involvement process, the mode or
technique of involvement should be matched with the objective( s) . In addition to

"why?", one needs to answer two other basic questions in order to design a sound
program of public involvement:

1. who is the public that should be allowed, even encouraged, to

be involved?, and
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2. which are the best modes or techniques of public involvement?^-

IDENTIFYING THE PUBLIC(S) 2

One of the most difficult tasks in a public involvement program on a specific
project is the identification of the public(s). The selection of target public(s)
merits close study in designing a public involvement program for two reasons: first,
the support of the users and concerned citizens for the plan are required in order
to enhance the chances of adequate implementation; secondly, the users and concerned
public(s) constitute the primary source for the emotional and social energy that

influences the political will to act.

In order to generate useful information about the social utility of a project
and the distribution of the net social utility, it is essential to include the
general public in the process. This would help ensure that vocal special interest
groups do not obscure the interest of the community as a whole. It is best to start
off with statistical descriptions of the "general interest" public so that any sub-
sequent distribution of information (or public opinion polls) would involve a repre-
sentative sample of the public(s). The sample should be representative in terms of

such variables as age, income, sex, education, professional status, and place of

residence (see also Whitney and Maclaren in this volume).

The most severe problems arise when publics or interest groups have to be iden-
tified for dialogue because, for this purpose, numbers have to be limited and the
participants have to be deeply motivated and committed (e.g. for citizen advisory
groups). One way to identify participants for dialogue is to look for community
leaders or "inf luentials". Therefore, it is essential to include all public or

special interest groups as they emerge since most of those citizens or agencies who
desire to be involved seek an organization of like-minded people. However,
(Wengert 1961) points out that seeking influentials may fail to deal with those who
have not yet emerged as vocal participants but have a stake in the outcome of the

involvement process. For this reaspn, the community influentials or concerned
public(s) should be supplemented by individuals selected at random to best repre-
sent, at least statistically, the general public. The selection of juries, the

cornerstone of the system of justice in Canada and other countries, is a useful
analogue

.

One useful technique to select concerned individuals and groups that ought to

be involved in environmental quality planning is to identify those who are in a

position to be affected by decisions, e.g. industrial interests, local planners and

agencies, permanent and seasonal residents, local elected representatives; one could

then use persons already identified to suggest other persons or "functions" to be
added. It is essential that the selection procedure be done in the open by (or in

the name of) persons who are responsible for the public involvement program; that

all meetings be open and the "general" public be competently represented among the

participants as well as on the board or agency conducting the public involvement

programs

.

INFORMATION versus DIALOGUE

There are two other aspects related to the choice of target public(s) that

merit attention in the design of a public involvement program, viz. the amount and

type of information that the public(s) receive and the information that is expected
from the public(s). It is almost trite to assert that the major objective of most

^There are also the questions of "where?" and "when?" which are not considered in

this paper. The definition of boundaries around the answers to "who?", "where?" and

"when?" is a critical issue in the practical application of public involvement since

the "public opinion" could vary widely depending on the range of constituencies that

are asked, the geographical backgrounds that are covered and the time of involve-

ment. The recent public debate (March 1981) on the patriation of the Canadian

Constitution is a good example of the critical nature of selecting boundaries in

time, space and interests of constituents.

2This section of the paper is based in part on Grima (1977:65-66)
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public participation programs is to obtain the reaction of concerned groups, indivi-
duals or agencies to a proposed project or major policy. In spite of strenuous
efforts and sizable expenditures, the quality of the information generated often
leaves much to be desired. The lack of satisfaction with the quality of information
is a serious shortcoming that should be better researched and resolved; it should
not be a mere excuse for reducing the level of public involvement.

There are two fundamental reasons for this widespread failure to elicit useful
information from the public; firstly, the techniques for collecting information from

the public are not well developed; secondly, the public is not provided with suffi-
cient information (or time to digest it) to start with. These concerns are taken up

in the discussion on techniques below but it bears emphasis that public participa-
tion programs should pay particular attention to the communication of facts, trade-
offs and implications of the plan(s) under: review. Technical competence in the

presentation of material is a necessary but not a sufficient condition. The process
calls for an iterative procedure - a dialogue - between the agency and the public
rather than reaction to a final plan. "Dialogue" implies listening as well as

talking, being persuaded as well as persuading. Such a process would enhance the

chances that conflicts and choices would be identified, clarified and resolved.

As White (1973:165) points out, time is required to obtain useful feedback from

the public:

"It cannot be expected that community leaders, however bright, can in a

mysterious way ferret out the strengths and weaknesses of massive propo-
sals for prompt review."

After assessing a major public involvement program, Grima and Mason (1983)
suggest that the most concerned public(s) be given the opportunity to commission a

peer review of the technical reports in order to enhance credibility in the process,
particularly in those instances where the scientific literature offers no clear
consensus

.

Public participation programs very often do not subject the public input to

comprehensive and detailed evaluation. In this regard, content /cont ingency analysis
of briefs, letters and other responses could be a most useful administrative tool.
In this context, content analysis is a coded summary of the information communicated
by participants in open houses, public hearings or meetings; this information is

coded in a systematic way on a uniform and consistent basis. When the coded data
are cross-tabulated, they could be used in contingency analysis to examine patterns
in the responses of the participants (e.g. any difference between the responses of

specific interest groups and the more general public, between "experts" and others).
Content/cont ingency analysis has been used to assess responses in public hearings on
Great Lakes Water Levels (Grima and Wilson-Hodges

, 1977) and Pollution from Land Use
Activities (e.g. Mason, 1980a, 1980b) and public responses about parks planning
(e.g. Clark and Stankey, 1976).

TECHNIQUES OF PUBLIC INVOLVEMENT

Public involvement could be costly in terms of time, effort, money, delays and

bruised egos. In order to make the best of the public involvement process, the mode
or techniques of involvement should be matched well with the objective. It is

useful to start the discussion by asking which techniques are used most frequently.
Burton (1979) reviewed 96 Canadian cases; the most common technique of public
involvement was the public meeting (large and small - about 66%). Advisory groups
and task forces were used in about 35% of the cases and technical/professional
advice was sought almost as often (see Table 1). Burton reports that most programs
used more than one technique.

No single mechanism of public involvement would meet all the objectives of in-

formation exchange, consultation, consensus building and interest representation.
It would be best to use several techniques within a program in order to cover as ma-
ny objectives as possible. There is very little empirical work on the effectiveness
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Table 1 Frequency of Use of Involvement Techniques

Technique Number of Cases

Public Meetings (large and small) 54
Advisory Groups/Task Forces 38

Technical/Professional Advice 34
Telecommunications 32

Workshop/Seminar 24

Surveys 13

Public Hearings 9

Petitions 5

Votes/Plebiscites 3

Litigation 2

Direct confrontation 1

Role Playing/Gaming 1

Expert Panels 0

(Source: Burton 1979)

of the various techniques of public involvement^
,

but there is a large literature
that evaluates techniques in a purely didactic manner.

For example, Table 2 lists 23 opportunities or techniques for public
involvement and education, excluding the institutionalized education system. The
modes range from public hearings to open houses, from advisory groups to feature
articles. Thus the order of listing and grouping in Table 2 reflects the degree of
administrative organization and formality required for the mechanism; for example, a

public hearing or a court action is highly formalized while a poll or charette is

informal and is not legally binding.

Another way of classifying techniques of public involvement is to distinguish
between

1. the objective of building community consensus and informing the
public about issues and strategies, and

2. the objective of interest representation in some adversarial
process

.

In order to enhance consensus and understanding, we may select techniques that
encourage dialogue about value preferences, willingness to pay, willingness to take
risks and the classification of trade-offs, e.g. between a development project and

lower employment opportunities. These types of techniques are most useful when the

opinions are fluid. The less formal techniques such as questionnaires, citizen
consultation panels, workshops and media events are more useful for this purpose.

On the other hand, once the interests have become more polarized, the main
objective is to enhance adequate representation of conflicting interests. The

adversarial process could be used to bring out significant arguments (e.g. court
action, public hearings, congress ional/ legis lature committees). These formal
procedures are most commonly used by statutory bodies whose decisions are binding
(e.g. National Energy Board of Canada).

Jaffray (1981a), distinguishes between informative mechanisms of public
involvement and advisory mechanisms. This functional classification reflects the

^For a review of theoretical frameworks and empirical research on the evaluation of

public involvement, see Sewell and Phillips (1979), Grima (1980), Mason (1980a), and

Grima and Mason (1983) and the literature cited therein.
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Table 2. Opportunities for public involvement, and public education other than

through the normal institutionalized educational system.

A . Formal-Legal Mechanisms
Political elections
Statutory public hearings (e.g. Ontario Municipal Board)

Court action
Committees of Legislature
Meetings of Local government counci Is /committees

B. Formal-Institutional Mechanisms
Royal Commissions
Agency local/regional offices
Citizen representation on Boards, etc.

Ombudsman/Mediation/ Compensation Agreements
Community interest advocate, under auspices of some agency
Public meetings
Input into school curricula and courses

C. Media-Oriented and Public Education Mechanisms (Public or private sector)

Brochures and pamphlets, newsletters
Slide and film shows
Radio, television talk shows

Press release, feature articles, press conference, letters to the

editor
Public lecture, open house

D. Attitudes, Surveys and Studies (Public or Private sector)
Opinion polls
Questionnaires
Advertisements with reply-coupons
Content analysis of mass media
Workshops, seminars with feedback
Delphi exercises
Social impact analyses

E. Private-sector, Voluntary Initiatives
Activities of volunteer organizations and societies
Independent activists' campaigns
Citizen task force, role playing, decision games

Source: Regier et al . (1980) (revised 1983).

view that the present decisionmaking apparatus is unable to accept public involve-
ment other than as a mecahanism for an exchange of information and consultation,
rather than as a means of power sharing. In extreme situations, however, public
involvement programs may be utilized by project proponents as crisis management
techniques. Involvement mechanisms are categorized on the bases of: their role ;

temporal parameters; delegation of authority; and the status of the participation
output. Jaffray's analysis demonstrates the functional specificity of selected in-

volvement mechanisms, and supports the idea that the most effective public involve-
ment programs use participatory mechanisms designed to enhance specific program
objectives

.

In one of the most elaborate schemes of the techniques of public involvement,
Glasser et^ al . (1975) divide 23 mechanisms into six groups (Table 3). The mecha-
nisms are evaluated with respect to two basic functions: communication and educa-
tion. Communication is evaluated with respect to degree of public contact, degree
of impact on decision maker, degree of user sophistication, ease of use and prepara-
tion, ability to respond to varied interests and degree of two-way communication.
Education is evaluated under the headings: informing/educating; identifying problems
and values; obtaining ideas/solutions; feedback; resolving conflict/research
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consensus; and implementing solutions. Glasser et al. proceed to fill in the 23 x

12 matrix with scores ranging from 0 (low) to 3 (high). Thus the maximum score for

each mechanism is 36. The highest score (29) in this purely subjective and didactic
exercise is assigned (by Glasser et^ aK ) to attitude surveys and citizen suits.

Table 3: Techniques for Communicating with and Involving the Public

Group A: Large Group Meetings
Public Hearings
Public Meetings

Group B: Small Group Meetings
Presentations to Community Groups
Site Visits
Advisory Body
Task Force
Role Playing Exercises
Value Clarification Exercises
Workshops
Delphi Exercises

Group C: Organizational Approaches
Regional and/or Local Offices
Citizen Representation on Policy Boards
Ombudsman and Community Advocate
Public Interest Center

Group D: Media
Information pamphlets, brochures, reports
Slide and film presentations
Tape recording information network
Television, Radio Talk Shows
Press Release, Newsletters

Group E: Community Interaction
Response to Public Inquiries
Attitude Surveys

Group F: Legal Mechanisms
Citizen Suits
Environmental Impact Statements

(after Glasser et al . 1975)

There are two serious shortcomings with this schema and others discussed above.

First, the functions and criteria listed (e.g. informing publics, resolving con-
flict) are selected arbitrarily; for example, Glasser ^t_ a_l_. omit timing, duration
and cost. Second, the evaluation is based on the expert's subjective opinion about

processes that are almost impossible to analyze in a quantitative manner.
Therefore, such lists and schemas should be used with caution.

In addition to the subjective opinions of experts, there are two other
approaches to evaluating mechanisms: the opinions and reactions of participants; and

the objective analysis of some quantifiable characteristic of the participation or

opinions. For a discussion and an empirical application of these approaches, see

Sinclair (1974) and Grima (1980), respectively.

Another shortcoming of the Glasser et aj^. type of schema is that almost inevit-
ably, the classification develops into a catalogue or manual. Manuals and handbooks

are useful, but even more urgent is the need for frameworks which would assist

practitioners to decide when and how to use a manual. A satisfactory framework for
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designing a public involvement program must take into account the complex structural
relationships of principal actors, objectives, institutional context, budgetary
resources, role of planning or policy agency, response of the concerned groups and

citizens, the information given to and expected from the public, the utilization of

the public input by the planners or policy makers and so on. A satisfactory theory
of these structural relationships is not at hand at the moment.

It is useful to distinguish among the design elements of the public involvement
program (e.g. public's reponse) and the attributes of such design elements (e.g. the
public's response in terms of attendance; socioeconomic representation; age-sex
representation; geographic representation, interests represented etc.). As noted

above, one of the design elements is the means of public invovlment or the choice of

technique(s) that makes sense in the context of the other design elements. In the

light of this holistic design, I would like to discuss two contrasting techniques of

public involvement which I have observed closely.

PUBLIC HEARINGS

Public hearings and public meetings are among the most traditional and commonly
used techniques for public involvement. Hearings are more formal and usually ful-

fill some statutory requirement. Otherwise, there is little difference between
these two mechanisms. Public hearings/meetings are, relatively speaking, easy to

organize and are a low cost way to allow the public to react to a plan or policy.
The agency can distribute information to the public and receive briefs. There is no
scope for an exchange of responses but only for a series of one-way communications
between the agency and the public. Thus, the public may let off steam and express
opposition to the project. However, no feelings of cooperation between policy-
makers and the public are engendered because those conducting the hearings or

meeting do not have time nor are they required to respond immediately to the
concerns in the briefs. They are only required to listen and collect responses.

Public hearings have been severely criticized on the grounds of the formality
of the proceedings. White (1973:165) refers to this technique as "hackneyed, ...a
generally sterile method of eliciting responses... without significant effect upon
speaker or hearer." At a recent seminar on public involvement, Connor (1981) has
called the public hearing the last of the blood sports and recommends prohibition.
Another criticism is that the public meeting/hearing gives most scope for the
articulate, well-organized and vociferous individuals to dominate the proceedings;
the lack of a truly representative set of participants is also considered to be a

problem of public meetings and hearings.

These are serious criticisms of public hearings, particularly since this
mechanism is so commonly used to involve the public and is required by many statutes
(e.g. Environmental Assessment Act of Ontario, the U.S. Coastal Zone Management
Act ) .

On the positive side, public meetings and hearings can reach a large audience
if many people turn up; more often than not, attendance is very disappointing. They
provide an open forum, allowing anyone to speak and the written record is open to
public scrutiny. If the opportunity for public comment and questioning is taken,
the public meeting/hearing can be very successful as a means of efficient communica-
tion i.e. disseminating information, exposing elected representatives and leaders to

their electors and for airing opinions. The "democratic" quality of this technique
is very valuable; in addition the participants sharpen their skills of public
speaking and of making effective presentations.

The non-representative nature of participants in public meetings has been
criticized widely in the literature. On closer scrutiny, this criticism is not so

serious; after all, nobody expects the members of the U.S. Congress or of the
Canadian parliament to be representaive of the general population. On the contrary,
they tend to be better educated, more wealthy and successful members of the
community. It is more germane to the discussion to ask whether the people who speak
up present opinions that are representative of the opinions of the general
community

.
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There is some empirical evidence that suggests that the opinions expressed at

public hearings/meetings reflect the opinions held in the community. The two
independent evaluations of the public hearings held by the International Joint
Commission on Great Lakes Levels Regulation show that a full range of opinions on
the subject was presented (Grima and Wilson-Hodges 1977 and Sinclair 1974).
Heberlein and Prouty (1976) report that there was no significant difference in the

public input (about the reduction of salt on Madison roads) from public hearings,
opinion surveys and a workshop. In a study of the representativeness of

participants at public meetings in an Ontario township, Conway (1979) reports
similar findings viz. the participants who spoke up expressed views similar to those
obtained by means of a questionnaire given to a random sample of the population.

Other criticisms of public hearings include the formality of the procedures;
timing i.e. they are often held at the beginning of the planning process when
interest is low or at the end when the studies and recommendations have been made;
the lack of evening and weekend meetings; the long distance that participants have
to travel to the meeting; poor presentations by planners, scientists and members of

the public; lack of time for preparation and lack of advance publicity. These
criticisms may well apply to a specific set of public hearings/meetings but these
shortcomings are not inherent in the technique. If meetings are smaller and are
held in more towns and cities, if better advance publicity is made and more
information is available to participants, the process would be improved and public
hearings would shed most of their poor image.

CONSULTATION PANELS

Consultation panels, advisory boards and citizen task forces avoid some of the
pitfalls of public hearings/meetings. These techniques involve interested members
of the public over a period of time (a few weeks to a year or two) and allow for

intensive interaction especially after the participants gain confidence. There is

scope for requesting more or better Information on the projects and the impacts;
there is scope for raising involved and complex issues.

The Reference Group on Pollution from Land use Activities (PLUARG) was set up

in 1972 by the International Joint Commission (IJC) in order to identify, describe,
and recommend remedial measures for pollution by land drainage from agriculture,
forestry, urban and industrial land development, and other non-point sources. As

part of the PLUARG study, seventeen public consultation panels (eight from Ontario,
nine from the U.S.) were established in the Fall of 1977 to assist the Reference
Group in identifying public concerns and practicable management strategies relating
to pollution from non-point sources.

This public involvement experience was evaluated by Mason ( 1980a, b) and Grima
(1980). On the whole, this experience was positive and successful especially in

terms of participant satisfaction. Over 90% of those responding to the survey of

U.S. participants stated that they would again serve on a consultation panel if

asked to do so (Mason 1980b:220). A large proportion of participants felt that they

had made a contribution to the study and 50% of the chairpersons felt that the

panels' memberships were well balanced in terms of potentially impacted interests
(Mason 1980b:219).

The use of citizen panels makes it necessary to involve a relatively small

number of participants. However, the panels were chosen with some care to be as

representative as possible and to include highly motivated individuals. In theory,

open meetings and public hearings could involve a large number of people; in fact

the number of participants in each of the PLUARG panels was greater than the number

of presentations in most of the public hearings held by the IJC on PLUARG in 1978

(Mason 1980b:219).

Three shortcomings of citizen panels emerge from the PLUARG experience. The

first is the real danger that the citizen participants are co-opted by the process;

they may become what Mason terms "professional" participants and develop a sense of

loyalty to the policy-makers who selected them from the mass of the public. In this

regard, the advisory panel is less open and accountable than the public hearing.
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The second criticism relates to the delays in the publication of reports,
delays in the mail and the lack of time to study background materials. These
problems are not intrinsic to the process and could be remedied with better organi-
zation and more luck with the vagaries of the mail and of the weather.

The main criticism of the PLDARG experience is that the public were not invol-
ved early enough in the process. The study had been underway for 5 years when the
consulation panels were set up. Both Grima (1980) and Mason (1980a; b) compared the
PLUARG study report with the reports of the consultation panels. The panels empha-
sized a large number of issues that were ignored or given a low pritority by the
Reference Group. These concerns included hazardous waste disposal, erosion,
forestry, sewage sludge disposal and dredging. The Reference Group considered these
concerns to be outside their terms of reference because they were of local importan-
ce rather than system-wide concerns. Earlier consult at ion could have reduced this
problem although one ought to point out that the public's responses to the request
for public input at the start of the PLUARG study was very disappointing (Sinclair
1974).

MECHANISMS FOR SHARING POWER AND BENEFITS

In a seminal paper on citizen involvement, Arnstein (1969) distinguished among
eight rungs on the ladder of participation, ranging from manipulation through
tokenism to power sharing. The traditional means of public involvement (Fig. 1 and

Table 2) do not lend themselves well to resolving disputes in such a way that power
and benefits are shared. There is now an emergent and growing literature (and

praxis) on means for resolving conflict through mediation, arbitration and community
compensation (Hausmann 1982). The central feature of discussion is the active and
voluntary participation by opposing parties to resolve differences through mutual
agreement with or without the help of a third party (such as an arbitrator or
mediator outside the legal courts system). The objective of this approach is to

mitigate the negative impacts of projects on the community or to compensate for
these disbenefits with amenities such as improved facilities for education, child
care, health or transporat ion services.

In this paper no distinction is made among negotiation, arbitration and media-
tion beyond the accepted meaning of these terras. These approaches are taken to-
gether to distinguish them from other public involvement approaches (or strategies)
that do not imply power and benefit sharing through voluntary bargaining (Susskind
and Weinstein 198 1 )

.

Negotiation, mediation and arbitration have been used extensively in labour
disputes. In both the environmental and labour fields, the courts of law are not
equipped to address effectively substantive issues where conflicts arise out of
values; courts have traditionally resolved questions where the facts or the correct
procedures are in dispute.

Mediation, arbitration and community compensation reflect the view that
environmental disputes are not necesarily zero-sum games and that an agreed accommo-
dation is preferable to the all-or-nothing outcome that may result from court
proceedings. Cormick and Patton (1980) stress six characteristics of this type of
sharing in decisions/benefits:

1. the involvement of the parties is voluntary;

2. the issues are addressed by all parties to the dispute in face-to-
face meetings, supported by caucuses with the mediator/arbitrator;

3. the mediator does not have the authority to impose a settlement
unless all Parties agree to arbitration;

4. the mediator shares the responsibility of ensuring an outcome
which is physically, legally, politically and financially feasi-
ble; this responsibility of the mediator becomes more onerous if
one of the parties to the dispute lacks the necessary expertise
and sophistication in comparison to other parties to the dispute;



46 A.P . GRIMA

5. mediation requires some relative balance of power between the
parties, i.e. no party is able to act unilaterally and with
impunity in what it perceives to be its own interest; each party
is subject to some sanctions from the other parties;

6. mediation implies the acceptance of a compromise; preferred
outcomes are not "right" or "wrong"; all are legitimate to a

degree; this means that questions of principles are not suitable
to mediation or compensation.

The strategy or approach to public involvement implied by mediation, negotia-
tion and community compensation is not an alternative to participation or political
activism, since none of these means imply "power sharing". Mediation or negotiation
is an alternative to litigation; the threat of delay or costs involved in litigation
may create an approriate context for negotiation. As a process, negotiation creates
opportunities for face-to-face discussions; the group leaders have opportunities to

socialize, to gain mutual respect, to develop skills, to realize trade-offs, to

recognize the need to balance interests and to be more aware of the risks of non-
cooperation. Litigation, on the other hand, separates group leaders, is costly and

tends to emphasize zero-sum outcomes.

As in other strategies or approaches to public involvement, interest groups may
be co-opted or manipulated through negotiation. For example, bargaining may be used
as a delaying tactic or to avoid a public airing; emergent interest groups may be
enticed into bargaining before they have had a chance to articulate their priorities
or preferences (Lake 1980b). Such pitfalls are avoided if negotiation, mediation,
etc. are combined with other approaches such as public meetings/hearings, committee
work, publicity through media events, etc.

The negotiation or bargaining approach is more likely to succeed when certain
criteria are satisfied; following Susskind and Weinstein (1981) these may be summa-
rized as follows:

(a) the parties in the dispute are adequately identified and
appropriately represented;

(b) the agenda is relatively narrow and addresses basic
differences in values, preferences and assumptions;

(c) there are a number of feasible alternatives;
(d) there is initial (or early) agreement about the scope of the

issue (e.g. time horizon, spatial boundaries, etc.);

(e) benefits and costs are quantifiable, at least after applying
weighting and scaling rules;

(f) compensatory rules can be determined;

(g) bargains made during negotiations are implemented;
(h) well-founded expectations that the varous parties may be

held accountable to their commitments.

It may seem trite to emphasize the role of establishing "the facts" in all

forms of public involvement and particularly in negotiation. However, this aspect

of conflict-resolution is the most common problem in environmental conflicts. The

interested parties may disagree over "the facts" in many ways: identifying impacts,

the importance attached to impacts, uncertainty in establishing trends or

predictions, differences over methodologies for collecting and analyzing data, ways

of sumarizing or graphing data. Straus (1979) argues that "data mediation" is the

critical factor in managing the complexities involved in environmental disputes.

Data sharing provides the various parties with an opportunity to comment on the

validity of sources, techniques and initial assumptions. A useful approach to

accomplish "data mediation" is adaptive environmental assessment (Holling 1978)

which may be used in computer-assisted bargaining. Holling and his associates
emphasize that computer models are a means to enhancing dialogue among participants

rather than ends.

In Ontario, the use of bargaining could have potential pay-offs with respect to

site selection for major facilities such as hazardous waste facilities and power

generating stations. The participatory "culture" or context is less than ideal



PARTICIPATORY RITES 47

since in Canada and Ontario the mandated legal obligations for public involvement

are few and their scope limited (Elder 1975, Estrin and Swaigen 1978). Never-
theless, the recent negotiated "closure” of the Stouffville (Ontario) landfill site

points to the potential for bargaining as a strategy in public involvement. The

Atikokan "community compensation" experience has been well-documented and this case

study illustrates the benefits and limitations of bargaining, trade-offs and sharing
benef its

.

THE ATIKOKAN COMMUNITY IMPACT AGREEMENTS

Ontario Hydro construction projects tend to have substantial impacts on small,

relatively isolated communities; the local economy and social infrastructure undergo

the stresses of a "boom-and-bust" cycle. As Falconer and Boyer (1981) point out,

"in a situation of substantial community change caused by a large project, there is

a potential for misunderstanding of facts and responsibilities by both the proponent

and the community". In brief, there is a potential to implement a sensitive tool

for:

1. "data mediation" coupled with;

2. the involvement of elected representatives and the administrators
responsible for the project on both sides;

3. a comparative monitoring program;

4. ongoing negotiations, and

5. arbitration, if required.

In 1976-77, Ontario Hydro negotiated a legally binding agreement with the Town
of Newcastle in order to compensate for (some) community impacts during the con-
struction phase of the Darlington generating station. Similar agreements were
signed with the Township of Atikokan, and the Township of Hope. Another agreement
was negotiated with Bruce Township, but this was concluded several years after the

construction phase had started and peaked and is not typical of the Community impact

agreements that Ontario Hydro has negotiated.

Until 1938, Atikokan was a small village on the Canadian National Railway. In

1939, iron ore mining established Atikokan as a fairly typical resource-based town;

expansion was most rapid in the 1940s and 50s and the population reached 6100 in
1971 and the workforce about 1600, of which over 1000 worked in iron-ore mining. By
the late seventies, the local open-pit mines were approaching economic depletion,
since there was no economical way to continue the operation by underground mining.
Therefore, the construction of the Atikokan G.S. coincided with the loss of the main
source of employment in the area (Ontario Hydro 1979).

The decision to build a thermal generating station at Marmion Lake was made in

late 1974 and a community impact study was commissioned in 1975; the report was

distributed and discussed at various meetings in 1976 and 1977. Construction was
scheduled to commence in 1978 and the first power production scheduled for 1983

(later delayed to 1984).

The community impact agreement was signed in 1978 between Ontario Hydro and the
municipality. The main provisions of the agreement were:

1. sufficient funds to meet financial obligations related to the

construction of water mains, sanitary sewers and other "hard"
services from an account labelled "A"; and to meet financial
obligations from account "B" related to special studies, community
monitoring programs, administration and manpower costs to the

municipality;

an agreed monitoring program of the social economic and financial
effects of the project;

2 .
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4. facilitating the necesary local approvals such as zoning bylaws,
building permits, etc.;

5. negotiation of supplementary agreements as required;

6. an arbitration procedure on any differences between the municipa-
lity and Ontario Hydro through a board whose members are appointed
by each party and whose decisions are final;

7. an on-going audit of all transactions relevant to the agreement;

8. an annual report (Baril 1981:3-5).

Under the agreement, Ontario Hydro limits its liabilities to the municipality
and facilitates the licences, permits, etc. The municipality obtains a legal
instrument to assess negative impacts and to obtain fair compensation from Ontario
Hydro (Baril 1981:6). The implementation of the agreement is enhanced by a shared
information base (monitoring and data) and by on-going planning and negotiation
which could lead to suplementary agreements or to arbitration.

The total agreement amounted to a maximum of $1,110,000 (1978 dollars) divided
as follows (Ontario Hydro, 1979:12-14):

Building permit $ 60,000
Sewage treatment plant $215,000

Total special grant $275,000
Account "A" $435,000
Account "B" $400,000

The items under account "A" (hard services) are easier to identify and negotia-
te, while the items under account "B" would be more difficult to identify and

quantify. Under the agreement, any unspent balance in account "A" returns to

Ontario Hydro while any unspent balance in "B" is paid to the municipality (Baril
1981:4).

Assessment of the At ikokan-Ontario Hydro community impact agreement is beyond
the scope of this limited review; indeed, it may be too early to evaluate the

process. The economic recession of the early 1980s in general and the out-migration
due to mine closings in the area in particular, suggest that the strain on the

municipal services has been minimized by events outside the control of the parties
to the agreement. Indeed, in this case, the siting of a power generating station
reduced the impact of the local economic downturn by providing an injection of new
economic activity (Ontario Hydro 1982). In any case, the community impact agreement
is a thoughtful, sensitive, flexible and business-like approach to the potential
problems of project siting and construction. And the experience so far has been
positive.

CONCLUDING REMARKS AND RECOMMENDATIONS

There are five high priority questions that need to be seriously addressed in

order to achieve substantial progress in public involvement in EIA/SIA. The first

is whether there should be prior debate on the terms of reference for a planning
study. If so, how, between which parties and under what rules? Putting boundaries
around planning studies enhances practical outcomes but does it enhance trust in the

planning process? As Breach (1978:161) puts it, "The whole wedge should be

examined, not just the thin edge."

The second question is whether the "public" should have access to more resour-

ces (money, information, expert aid) in order to be able to come up with credible
critiques of complex proposals. The third question is how to set boundaries on the

number of participants, their geographical distribution and their socio-economic

characteristics. The fourth question is appropriate timing, duration and phasing of

the process. The fifth question is how to match the technique for public involve-

ment with the objectives of the process.
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The answers to these questions require empirical research but also go beyond

empirical work. The analysis on the proper role of public involvement in environ-
mental decisions has to start with the kind of value choices posed in the first part

of this paper. On the one hand, "many issues can be fully understood only by people
who are prepared to study the matter full-time" (Breach 1978:170). On the other
hand, "increased reliance upon technical expertise has helped to obscure responsibi-
lity for major decisions" (Nelkin 1977:12). As a community we are not likely to

give up easily either efficiency in decision-making or accountability.

The role of public involvement has to be considered as part of a gestalt of

decision-making in a democratic society. The context may be clarified if public in-

volvement were seen as yet another manifestation of the commons. If better environ-

mental quality ensues, many people will benefit, whether they have spent time and

effort to influence the process or not. Hence, the dilemma posed by the "silent

majority"

.

This paper reflects the firm conviction that public involvement could play a

useful role in environmental impact assesment. It helps the political marketplace
to articulate the demands for political goods; it increases accountability by open
discussion on complex issues; it enhances the personal and community develpment of

the potential for a more participatory democracy; it enhances the information base
for the planning process. Public involvement is a social-political activity with
specific, short-term economic consequences for the individuals or groups involved;

it is also a process with long term consequences for the institutional mandates,
constraints and contexts in which decisions are made. In brief, public involvement
may be viewed as just an added cost of reaching (better) decisions; it would gain
more meaning if it is also to be viewed as a major opportunity to enhance public
trust in governance.

RECOMMENDED FUTURE DIRECTIONS

1. The need for evaluation of public participation programs is becoming more
apparent as interest groups, agencies and proponents demand that public
involvement be effective and efficient.

2. The public hearing process is frequently used in the regulatory process,
and is required under the Environmental Assessment legislation in many
jurisdictions. The hearing process is not likely to become obsolete in

spite of its critics .However
,
more attention needs to be focussed on im-

proving the process through intervenor funding, scoping of the hearings,
identification of publics, responding to public concerns, and the oppor-
tunity for interest groups to commission independent peer reviews of the

technical reports.

3. Effective public participation is handicapped when some participants do a

less than adequate job of researching, preparing and presenting a case
due to lack of financial resources. Intervenor funding would result in

more effective participation. Such funding, with adequate safeguards for

accountability, would enhance the planning process whether one views
public involvement as a basic democratic right or as an adversarial
procedure

.

4. Confrontation and adversary attitudes could be minimized by fostering
negotiation and mediation. This form of public involvement requires
legal recognition - perhaps even requirement - for negotiated agreements
such as those developed by Ontario Hydro (and those required by the
Massachusetts Hazardous Waste Management & Disposal Act (1980)). An
Office of Environmental Mediation, affiliated with a university (such as

the one at the University of Washington) would be a useful step in enhan-
cing the use of this approach to deliberative discussion, collaborative
decision-making and the sharing of benefits from development projects.
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THE LEGAL FRAMEWORK OF ENVIRONMENTAL IMPACT ASSESSMENT IN CANADA
AND APPLICATION OF THE LEGISLATION

D.P. Emond,
Osgoode Hall Law School, York University

INTRODUCTION

There are both legal and non-legal frameworks for emvironmental impact assess-
ment (EIA) in Canada. 1 With respect to the_sec ond jl at egory , many of the provinces
and the federal government have neither specific nor non-specific EIA legislation.
If EIA is practised in these jurisdictions, it is pursuant to a cabinet policy
directive or departmental procedures,, rather than according to mandatory or permis-
sive legislation. Although these procedures are not mandated by legislation and
thus are not "legal" in the normal sense of the word, they are so important that
they will be included in an examination of the EIA process in Canada. Specifically
this review will focus on the following jurisdictions: Canada, Newfoundland, Quebec,
Ontario, Saskatchewan and British Columbia. ^ None of the other jurisdictions has
specific EIA legislation, although Alberta does conduct EIA's under the Land Surface
Conservation and Reclamation Act

Instead of briefly summarizing procedures, this review is organized around a

number of critical themes. Each theme suggests a number of issues, many of which
stand as open and unresolved questions. Briefly the themes are:

- the structure of EIA;
- the scope of EIA;
- the timing of EIA;
- the enforcement and monitoring of EIA; and
- the application of EIA.

THE LEGAL FRAMEWORK FOR EIA IN CANADA
THE STRUCTURE OF EIA

All EIA legislation and policy in Canada follows more or less the same struc-
ture. Each jurisdiction requires a pre-assessment (often called pre-screening) of a

proposed undertaking to determine whether the potential impact is likely to have a

significant adverse impact on the environment. If there is potential for signifi-
cant adverse impact, an assessment of potential impact is performed by the proponent
of the proposed undertaking. The assessment document is then reviewed by goverment

,

and described in an environmental impact statement (EIS), usually under the coordi-
nation of a lead agency or department (most often the department of the environ-
ment). At this point the public is invited to comment on the assessment and review,
sometimes informally by way of written or oral communication, sometimes formally
through written submissions followed by "proofs and arguments" at a public hearing
or meeting. This is then followed by a recommendation on the acceptability of pro-
ceeding with the proposed undertaking, a political decision to permit the under-
taking to proceed or not to proceed, and, finally, regulation of the undertaking
pursuant to the terms imposed as a condition of approval.

Briefly and somewhat simplisticly then, the process is made up of an initial
and very preliminary self-assessment of potential impact, a formal assessment by the
proponent of impact, government review, public reaction and comment, and finally a

decision. The process has the potential to make an important contribution to the
planning and regulation of major undertakings. It also has the potential to provide
little more than symbolic reassurance to an apprehensive public. The real achieve-
ments of EIA will depend more on personalities, organizational structures and
government policies than on legal arrangements. Nevertheless, the structure pres-
cribed by the legislation offers considerable insights into the strengths and weak-
nesses of the process and deserves examination.



54 D.P. EMOND

The formality of the structure and procedures vary from jurisdiction to juris-
diction. Ontario for example, prescribes by statute^ that:

5. - (1) The proponent of an undertaking to which this Act applies shall submit
to the Minister an environmental assessment of the undertaking and shall
not proceed with the undertaking until,

(a) the environmental assessment has been accepted by the
Minister; and

(b) the Minister has given his approval to proceed with
the undertaking.

7. - (1) Where an environmental assessment of an undertaking is submitted by a

proponent to the Minister, the Minister,

(a) shall cause a review of the assessment to be prepared;
and

(2) Any person may inspect an environmental assessment of an undertaking and
the review thereof in accordance with the terms of the notice referred
to in subsection 1 and may, within thirty days of the giving of the
notice or within such longer period as may be stated in the notice,

(a) make written submissions to the Minister with respect
to the undertaking, the environmental assessment and

the review thereof; and

(b) by written notice to the Minister, require a hearing
by the Board with, respect to the undertaking, the
environmental assessment and the review thereof.

12. - (2) The Minister, by notice in writing,

(a) may, where he considers it advisable; or

(b) shall, upon receipt of a notice requiring a hearing
pursuant to subsection 1 or pursuant to subsection 2

of section 7, unless in his absolute discretion he

considers that the requirement is frivolous or vexati-
ous or that a hearing is unnecessary or may cause un- v

due delay,

require the Board to hold a hearing with respect to,

(c) the acceptance or amendment and acceptance of the

environmental assessment;

(d) whether approval to proceed with the undertaking in

respect of which the environmental assessment was sub-

mitted should or should not be given; and

(e) whether the approval mentioned in clause should be

given subject to terms and conditions and, if so, the

provisions of such terms and conditions.

The federal environmental assessment and review process (EARP) is a good deal

looser, although recent experience suggests that the process is becoming more regu-

lar and predictable.^ Under EARP, initiators (proponents)^ are required to predict

the adverse impacts of a proposed undertaking. If significant impacts are possible,

an initial environmental evaluation (IEE) is conducted. If the IEE also suggests



LEGAL FRAMEWORK OF EIA 55

the potential for significant impact, the proposed project is referred to FEARO for

a full assessment by an EIA panel (EAP or Panel). Once the Panel is appointed and

terms of reference finalized, the initiator (proponent) prepares a full environmen-

tal impact statement (EIS) for submission to the Panel. The EIS is reviewed by

government and closely examined in a series of public "hearings" and meetings by the

Panel. Following the hearing stage, the Panel submits recommendations to the

Minister of the Environment regarding the proposed project. These in turn are

usually conveyed to the initiating Minister for appropriate action.

The Newfoundland procedures include two additional preliminary stages not

found elsewhere in Canada. Under the Environmental Assessment Act? the Minister de-

cides whether an undertaking will have significant impact (section 7). If it will,

the undertaking is screened by the Department of Consumer Affairs and Environment to

determine if an EIA is required. If the Minister decides that one is required, the

proponent must prepare an environmental preview report (EPR) according to guidelines

prescribed by subsections 10(1)(2)(3). This report is then reviewed by the

Minister, (subsection 10(4). If the Minister determines that a further assessment
is required, the proponent is required to prepare draft terms of reference for the

assessment according to predetermined guidelines (subsection 13(3)) and, once the

terras of reference are agreed to by the proponent and approved, the proponent must
prepare a full EIS.

Saskatchewan and Quebec offer a more streamlined approach, avoiding some of

the potential duplication of the pre-assessment stages of the Newfoundland legisla-
tion. Regulations under the Quebec Environmental Quality Act^ require the proponent
of certain undertakings ( such as"oil re fine rTe s ) ^ to file a written notice with the

Minister on the general nature of the proposed undertaking (subsection 31.2). On
the basis of this information, the Minister sets down the terms of reference for the

EIS and directs the proponent to prepare the appropriate assessment documents.
Under the Saskatchewan Environmental Assessment Act ,^® the Saskatchewan Environment
Department screens candidate proponents according to published screening guide-
lines .11 If this process indicates some likelihood of major impact, the proponent
is required to conduct the necessary EIS.

All processes envisage some degree of public input, although again this varies
widely from jurisdiction to jurisdiction. Newfoundland leaves public involvement to

the discretion of the Minister (section 24), but it may occur at any point through-
out the process. Both Quebec (section 31.3) and Ontario (sections 12 and 13) permit

individuals an almost unfettered right to initiate a full public hearing on the EIS
and the government evaluation of the document. Public involvement in the

Saskatchewan process is through a proponent-initiated post-assessment public consul-
tation program and, under certain circumstances, through a public hearing by a

Commission of Enquiry under The Public Enquiries Act .

^

No Canadian jurisdiction has fully come to grips with some of the more vexing
questions of structures. For example, how realistic is it to expect a full impar-
tial and rigorous assessment by the proponents of the undertaking in question? In

the end, can the assessment ever be anything other than the proponent, carefully
conducting studies, selecting information, and screening analyses to ensure that the

proposed undertaking is cast in its most favourable terms? Full public hearings
offer some opportunity for the public to test and probe an EIS, but this is ultima-
tely constrained by the proponent's control of information. Is the alternative of
government assessment likely to be more palatable? Information problems, combined
with departmental understaffing may force these "independent" government assessors
to turn to the proponent for the very information needed to generate even a cursory
review of potential impact.

Another structural question that has troubled students of the EIA process
centres on the multiplicity of functions inherent in such a broad-ranging enquiry.
During the initial stages of the process, proponent and government are required to
investigate impacts, examine and evaluate alternatives and advocate a preferred
course of action. Government review requires a further investigation and critical
analys is of issues, and perhaps negotiation with the proponent. Public reaction may
involve a re-examinat ion of issues and perhaps negot iat ion with government and

proponent over some issues. The public-hearing phase of the process (if one exists)
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usually entails further investigation and ultimately negotiations and/or ad judica-
t ion of controversial issues. Thus, there exists within a single process virtually
every type of decision-making. Given the diversity of functions performed by the
process, the question of an appropriate structure arises. Should EIA fall within
the exclusive domain of a single government department, such as the Department of

the Environment? Should it exist within government, but as a separate and indepen-
dent office or agency? Should it simply be a part of the normal planning and regu-
latory functions of all government departments? Should it be carried out by an
independent or quasi-independent board or tribunal? Or should it be some combina-
tion of the above? Does structure really matter, or is the issue ultimately only
one of committed people?

My sense is that structure explains some of the successes and many of the
failures of the process to date. Are we not somewhat unrealistic in expecting a

line department to conduct a vigorous and impartial evaluation of a sister depart-
ment project, particularly if that department is senior to the investigating depart-
ment? How credible is an adjudicative hearing that grapples with highly complex,
polycentric planning problems that defy resolution through the adversarial tilt of
two or more unevenly matched opponents? Do attempts to segregate the EIA into dis-
crete, sequential and manageable tasks (pre-screening, screening, assessment, review
and public reaction) compartmentalize and bureaucratize the process to the point
that efficiency becomes another unattainable goal? These points all suggest that
the present structure is responsible for at least some of the present problems.

Another potential problem of the EIA structure, that is illustrated by the
Ontario Act, relates to the participation of the Ministry of Environment and its

role as both a reviewer of the EIS (EA in Ontario) and a party in any subsequent
hearing that evaluates the EIS document. Review will inevitably involve a good deal

of discussion and negotiation with the proponent. Proponents seek advice from the

Ministry - advice on how to proceed, advice about what to include in the EIS, advice
about the appropriate degree of detail, and finally advice about the acceptability
to government of the EIS and the proposed undertaking. Not surprisingly, most pro-
ponents rely on this advice. Without such assistance, the proponents would be left,

somewhat unfairly, to flounder in the dark. When the matter reaches the hearing
stage, the reviewing Ministry, the same agency with whom the proponent "negotiated"
an acceptable EIS, is cast in a very different role. The public expects, and the

Board has sometimes required, 13 that the Ministry participate in the hearing.
Participation at this stage of the process cannot be as that of "facilitator". Here
the Ministry, as befits the nature of the process, is cast in the role of

advocate-^
,
whether it likes it or not. It is expected that, as a minimum, it will

provide an impartial probing of the rigour and comprehensiveness and correctness of

the EIS. The departmental dilemma created is this: if it supports the EIS, as it

normally has to at this point in the process, it is seen to be in bed with the

proponent, without a view of its own and totally unable to speak on behalf of "the

public". If it opposes the EIS, it undermines its credibility with this and future v

proponents as a facilitator. The result is departmental ambivalence which the

public and the Board (or Minister) read as indifference. The problem is one of as-

king the department to wear too many different hats. At a minimum, the department's
facilitating and reviewing functions must be separated so as to avoid or minimize
the impossible "conflict of interest" role into which it is cast.

Public participation in the process raises its own special structural pro-

blems (see Pushchak in this volume). Although statutes and policies speak loosely

about "the public", the public is neither a discreet entity nor a homogeneous group.

With what public should the proponent communicate? Those within a certain distance
of the proposed undertaking, those who respond to newspaper invitations calling for

public input, or some other group? How hard should it try to communicate with those

who refuse to respond to a normal notice of an EIS. What weight should the propo-

nent give to the input it receives? Public reaction varies from casual observation

to sophisticated opposition or support for a proposed undertaking. It is not clear

that the input from those who speak the loudest, purport to represent the largest

constituency, or badger the most, necessarily deserves the greatest consideration
(see Whitney and Maclaren in this volume). How, therefore, is the proponent to know

with whom it should be speaking; and what should it do with the information

received?
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Another related problem has to do with the question of the social impact of a

proposed project. The "science" of social impact assessment (SIA) is making some
headway in answering these questions at the EIS level through better notice, better
interviewing and better evaluation of public impact; it has hardly even tried to

come to grips with similar questions at the public hearing stage, where there is a

vast array of participants and inputs, with no apparent mechanism for either recon-
ciling differences, or consolidating similarities. Nor is there any mechanism for

meeting the demands of those members of the public who have a modest contribution to

make, and those who see the process as an opportunity for a rigorous evaluation of a

concept and a proposed project. A few structural innovations at the hearing stage
are, however, worth noting briefly.

First, Ontario distinguishes between the casual and serious participants on

the basis of affording the former "participant" status and the latter "party"

status. While status does not necessarily reflect value of the input, it does

impose a certain degree of procedural rigour on the "party". Thus, a party has a

statutory right to participate in the process (section 12), is expected to partici-
pate throughout the hearing, including prehearing conferences, and must meet all

notice and documentation requirements. A participant is afforded a good deal more
leeway. To qualify as a participant, one need only express an interest in making
some contribution (oral or otherwise) to the hearing. The Board has been very
generous in granting "participant" status to anyone who wishes to contribute to the

process. Practically speaking, there may be little difference between the two types
of participants. From a legal standpoint, only the "party" would likely be recogni-
zed by a court in the event of an appeal.

The new Federal Environmental Assessment Panel (EAP) rules-of-procedure for

the Beaufort Sea Hydrocarbon Development^ distinguishes between two types of hea-
rings. The first type consists of informal meetings, held at the community level

and designed to facilitate broad public reaction to the proposed undertaking. The
second type is conducted at major centres and inevitably involves some form of

examination (presentation), cross-examination (questioning) of witnesses and argu-
ment (summing up or concluding comments). The two forms are designed to meet the

need for both the informal and formal, the open-ended discussion of concerns and

aspirations, and the tighter, more rigorous and detailed evaluation of specific
issues .Although subject to the criticism that community hearings will become second-
class hearings, the Beaufort Sea procedures seem to have worked reasonably well.
The Canadian Arctic Resources Committee (CARC), recently described the Beaufort
hearings as "open and fair" and congratulated the panel chairman, John Tenner, for

his handling of the hearings. This new procedure will likely be copied for other
EAP hearings.

The Ontario Environmental Assessment Act contains a provision that enables the
Board to consolidate similar points of view from different individuals through a

single representative. Under subsection 19(15), "the Board may appoint from among a

class of parties to the proceedings having, in the opinion of the Board, a common
interest, a person to represent that class in the proceedings, but any other member
of the class for which such appointment was made may, with the consent of the Board,
take part in the proceedings nothwithstanding the appointment". While this power
has not often been used, the mere prospect of using it provides strong impetus for

cooperation among potential intervenors, thereby increasing their effectiveness and
sparing the Board the delay of unproductive repetition.

Finally, and again from Ontario, the Environmental Assessment Board is experi-
menting with prehearing mediation. Working on the assumption that many issues can
be satisfactorily resolved through mediation and that only the most contentious need
to be adjudicated, the Board recently appointed a mediator to assist with a landfill
site hearing under the Environmental Protection Act.^ To date, the mediator has
secured agreement on the participation of the parties through a participation agree-
ment. The next step now is to determine just how many disputed issues can be resol-
ved in this fashion.

While mediation offers the prospect of an expeditious and non-adversarial
mechanism for resolving many issues, it raises many questions that will have to be
answered before the process is applied more generally. First, how can a mediated
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case bind the person who disagrees with the result, the so-called holdout? Doesn't
the holdout have a right to a public hearing under the Act, and won't the courts
uphold that right should the Board propose to dispense with a hearing on matters of

concern to him? And yet, if the Board cannot avoid most of a hearing after media-
tion, there is very little reason for mediation. It simply adds another step to the

process, without necessarily advancing the issues. And finally, there is the pro-

blem that the Board does not have jurisdiction of a case until after the assessment
document is prepared and the government review completed. At that point, most of
the necessary preparatory work has been done. Mediation would not reduce the prepa-
ration time, only provide a new forum in which to evaluate the proponent, government
and public's work. It is not clear that the private negotiating rooms of the media-
tor's suite is a replacement for, or improvement on, the open public hearing. There
is much to , be gained by a public review of the issue. In spite of these concerns,
the development is an interesting one. If nothing else, it may provide some helpful
insights into how we can better structure the pre-hearing conference which is, after
all, a form of pre-hearing mediation.

Perhaps the most controversial feature of a structure as complex as EIA is the
potential for overlap. Ontario Hydro, for example, is fond of reminding us that
each day spent considering an appropriate line for its South West Ontario Electric
Transmission Corridor means hundreds of thousands of dollars in either "locked in"

or "alternative" electrical energy costs. The pressure to provide speedy approval
through a "single window process" is enormous.

Some structural changes at the hearing phase have been made to meet some of

the inefficiencies of the process. At the federal level, new procedures for the
Beaufort EAP hearing offer much hope of expediting the process through the equiva-
lent of interrogatories, witness statements, pre-hearing examination and cross-
examination. Similarly, Ontario has resorted to a variety of structural devices to

streamline the EIA process, particularly at the pre-hearing stages. Pre-hearing
conferences and preliminary hearings are now standard practice. Witness statements
and the exchange of interrogatories and motions for directions for the production of
documents have also assisted the Board and parties in getting quickly to the heart
of an EIA matter.

Another mechanism for dealing with overlap within the process is the class
assessment. Ontario has had the most experience with this technique. The Ministry
publication EA Update describes the underlying philosophy behind such assessments:

An Environmental Assessment can be carried out on an indivi-
dual project or for a class of projects. The latter would
apply to smaller, frequently recurring undertakings where a

common set of procedures for construction and implementation
can be ident if ied

.

Thus, such undertakings as highway widenings, freeway upgrading, and electric transr
former stations have all been class assessed. Once assessed as part of a class,
individual undertakings need only comply with the requirements of the class assess-
ment rather than the demands of a full, individualized assessment. Projects subject
to class assessments that are found to have significant potential adverse effects
may be "bumped up" to a full assessment, although the procedure under which the

bump-up occurs has never been well identified. The class assessment has been
successful in eliminating much of the duplication inherent in individual assessment
of similar projects. The problem tends to be a lack of public interest in the

general class assessment; followed by strong interest in the specific project.
Participation at this stage comes too late to address the major issues raised by
such undertakings, although it can be useful in helping to "fine tune" the proposal.

Duplication with other regulatory agencies and prcesses in Ontario have been
minimized with the proclamation in June, 1981 of the Consolidated Hearings Act,

1981.1^ The purpose of the Act was stated succinctly by the Chairman of the

Environmental Assessment Board, Barry Smith:
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The Consolidated Hearings Act is a reponse to this [unneces-
sary duplication of hearings] and applies in respect of

undertakings which may require more than one hearing to be

held by more than one tribunal under one or more of several
acts . . .

The multiplicity of hearings is avoided by establishing a

joint board composed of members of the (EAB) Environmental
Assessment Board and of the Ontario Municipal Board (OMB)

.

The Joint Board has the power to hold a hearing and consider
the matters that could be considered at the hearings autho-
rized by the Acts in the Schedule ...20

Other jursdictions deal with duplication among processes more informally or

not at all. In Saskatchewan, the results of the EIA process are simply transferred
to other agencies dealing with permits, licenses and leases. These regulatory agen-

cies are represented on an inter-agency review panel throughout the review stage and

thus are well acquainted with the recommendations of the process. Where a conflict
exists between Ministerial approval under the Act and any condition of any license,

permit, approval, permission or consent granted under any other Act, the EIA appro-
val (section 8(2)) prevails. There are no formal coordination mechanisms under the
Newfoundland Act, simply a requirement that no licence, permit, approval or authori-
zation be issued until a recommendation is made to the Lieutenant Governor in

Council, as required by section 32 (section 33(l)(vi)). British Columbia does not

specifically address the question of overlap in either the Environment Management
Act^l or the Environment and Land Use Act, 22 nor £ s there any specific mention of it

in Division IV. 1 of Quebec's Environmental Quality Act . 23

One mechanism for dealing with duplication that promises to gain future sup-
port in some jurisdictions, is a more creative use of the exempting provision of the

statute. 24 Thus, certain aspects of a proposed undertaking that are or will be

adequately evaluated by another process may be exempted from assessment, leaving
only the most important part of a project to be assessed. In this way, such matters
as the site or the need or alternatives may be excluded from an assessment.

The danger in this approach is two-fold. First, and most obviously, the
potential for abuse is high. Key features of a project may be exempted for reasons
that have nothing to do with overlap and duplication, and everything to do with
expediency. Secondly, a great advantage of EIA is that it offers a comprehensive
overview of an undertaking. Once certain aspects are exempted from assessment, the

process loses much of its integrity as a comprehensive decision-making tool and
becomes a little more than another "regulatory kick at the cat".

Finally, structures tend to make wrong assumptions about the importance of
accountability of the process, particularly to its political masters. The federal
process virtually ignores the issue of accountability. Panels submit reports to the
Minister of the Environment, who is under no obligation to do anything, although in

practice the report (and recommendations) are published. Ontario, on the other
hand, permits the EAB to decide, subject to a petition to cabinet (section 23).
There are no guidelines or procedures for petitions. They are as likely to be moti-
vated by narrow questions of siting and impact on an individual property owner as on
broad questions of public policy. Thus, Cabinet's response is as unpredictable as

such an unstructured process would suggest. It is as likely to decide the policy
questions as it is to become involved on behalf of particularly vociferous interve-
nors, although in most cases it merely confirms the decision of the Board. 25

Other jurisdictions do not leave any room for distinction between the Board's
output and the political decisions. The process is accountable, but at the poten-
tial expense of the special contribution a hearing body can make to a final deci-
sion. The Newfoundland Act requires only that the "report" of the Board to the
Minister contain any recommendation made at the public hearing and any recommenda-
tions of the Board (section 30). The Saskatchewan Minister responsible for the Act
may appoint a Board of Enquiry to conduct an inquiry under The Public Enquiries Act

,

but nothing about the relationship between the Minister and the enquiry suggests a

formal link in which the input of the latter is necessarily respected by the former
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(section 14). British Columbia employs a similar Inquiry Act strategy (section 7).

As noted earlier, the federal EAP is required to make a recommendation to the

Minister of the Environment, but the process is silent on what happens to the

recommendation after it is made.

THE SCOPE OF THE El

A

What is an EIA supposed to examine? How can it best examine and resolve the

issues before it? The first question is definitional. The second asks how a pro-

cess can be made more effective and efficient. Each jurisdiction has responded to

these issues differently.

Much of the scope of EIA will be determined by the scope of "environment" and

"undertaking" to be assessed and hence a review of the statutory definitions of

these two words is in order. Table 1 provides the necessary background for the

analysis that follows.

Table 1. EIA definition of environment and undertaking

Jurisdiction Statutory definition of

"Environment" "Undertaking" or its equivalent

Canada No definition, although
(federal) environment would now

seem to include the

social and economic
environment as well as

the natural environment

Newfoundland (i) air, land or water;
(ii) plant and animal

life;

(iii) the social, econo-
mic recreational,
cultural and

aesthetic condi-
tions and factors
that influence
the life of humans
or a community
(section 2(e)

)

Quebec The water, atmosphere and

land or a combination of

any of them or, generally
the ambient millieu with
which living species have
dynamic relations
( section 1(4))

Ontario (i) air, land or water;
(ii) plant and animal

life;

(iii) the social, econo-
mic and cultural
conditions that

influence the life

of man or a

community
, ...

(section 1(c))

No definition. The focus of the process
is on "projects" rather than plans.
Projects tend to be assessed in isolation
from those that may follow, although
clearly the precedential value of an

approval is a relevant consideration

any enterprise, activity, project,
structure, work, policy, proposal, plan
or program that may, in the opinion
of the Minister, have a significant
environmental impact and includes a

modification, an extension, an abandon-
ment, a demolition and a rehabilitation
thereof (section 2(n))

... any construction, work, activity or

operation, or carrying out work according
to a plan or program in the cases
provided for by regulation of the

government... (section 31.1)

(i) an enterprise or activity or a pro-

posal, plan or program in respect
of an enterprise or activity by or

on behalf of Her Majesty in right

of Ontario, by a public body...

or by a municipality ..., or

(ii) a major commercial or business
enterprise or activity or a propo-

sal, plan or a program in respect
of a major commercial or business

enterprise or activity ...

section 1(c)
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Table 1. (continued)

Jurisdiction Statutory definition of

"Environment" "Undertaking or its equivalent

Saskatchewan (i) air, land or water;

(ii) plant and animal
life;

(iii) the social, econi-
mic and cultural
conditions that
influence the life

of man or a

community in so

far as they are

related to the

matters in sub-

clause (i) and

(ii)

( section 2(e))

British - air, land, water and

Columbia all other external
conditions or influen-
ces under which man,

animals live or are

developed

( Environment Management
AcTt (section 1(1))

- all the external condi-
tions or influences
under which man, animals
and plants live or are

developed (Environment
and Land Use Act
section 1)

development means any project operation
or activity or any alteration or expan-
sion of any project, operation or

activity which is likely to:

(i) have an effect on any unique rare
or endangered feature of the

environment

;

(ii) substantially utilize any
provincial resource and, in so

doing pre-empt the use or potential
use of that resource for other
purposes

;

(iii) cause the emission of any pollu-
tants or create by-products which
require handling and disposal
in a manner that is not regulated
by any other Act or regulation;

(iv) cause widespread public concern
because of potential environmental
changes

;

(v) involve a new technology that is

concerned with resource utiliza-
tion and and that may induce
significant change; or

(vi) have a significant impact on the
environment or necessitate a

further development which is likely
to have a significant impact on the

environment (section 3)

. . . anything that would have a

detrimental environmental impact, ...

( Environment Management Act,
Section 3)

The foregoing raises a number of issues. First, the broad definition of envi-
ronment challenges the very purpose of environmental assessment. Since impact on
the social and economic environment is an integral part of the process it becomes
difficult to distinguish environmental assessment from general decision-making.
Given such a broad definition of environment, EIA is no longer an environmental
protection tool, but rather a comprehensive mechanism for enhancing government
decision-making as it affects major resource development projects. While comprehen-
siveness makes great sense, there is a danger that, as the process expands to

include more factors, its ability to make a special contribution to protecting the
natural environment decreases. Furthermore, the broad scope of the process challen-
ges the political process in the sense that EIA may become far more than simply a

tool for assisting government decision-makers on one facet of a problem; it becomes
the primary decision-making body.
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A second problem that flows from a broad definition of environment relates to

the question of how "relevance" is determined. If the definition requires a review
of everything, it effectively requires a review of nothing. Without a focus, the
process lacks rigour, and without rigour its effectiveness is undermined. While
this approach argues in favour of a more modest definition of environment, a word of

caution is in order. Notwithstanding the statutory definition, the process will
tend to be what the participants want it to be. There has been great pressure from
public interest intervenors to include more and more within the definition of envi-
ronment. People's concerns will inevitably be characterized by them as "environ-
mental concerns", if only for the purpose of fitting those concerns within an esta-
blished procedure. Until government decision-making is more responsive to public
concerns, there is little prospect for a more modest definition of environment,
although it is probably in the interest of government to limit EIA to a more modest
role

.

The definition of undertaking raises equally difficult questions. First, some
jurisdictions assess both projects and plans; others confine assessment to those
activities that may be characterized as projects. Saskatchewan, for example, speci-
fically exempts "exploration" from its definition of undertaking, thereby ensuring
that the process will not apply until a project has reached a certain level of

specificity. Ontario exempts "a feasibility study, including research". Whether
assessment should begin at the planning or project stage is addressed under the hea-
ding "timing of EIA". The point that must be emphasized here is that the scope of

the assessment is related to the definition of undertaking, which in turn reflects
the timing of assessment - early at the planning stage or later, after plans have
become projects.

Aside from the issue noted above, the definition of undertaking raises two
quite specific questions. The first is whether it includes not just the particular
project at hand, but also those future projects that may be proposed as a result of

approving the first. Is undertaking defined in such a way as to mandate an assess-
ment of a series of projects, none of which by itself may have significant impact,

but cumulatively may be significant? Finally, undertakings are seldom defined to

include the operation or abandonment of a project. The focus tends to be on siting
and construction, ignoring potential impacts associated with stopping or closing
down an operation.

If the definitions give meaning to the potential scope of the document, the

statutory and non-statutory provisions on the preparation of the EIS document speak

to the nuts and bolts of what must be assessed and how. The important question here

revolves around the relative merits and demerits of the two basic approaches in

Canada:

1. statutorily prescribed terms of reference for EIS, subject always to

general refinement by department or agency guidelines; and

2. case by case development of EIS terms of reference that are unique to

the particular undertaking in question.

A subsidiary issue related to both approaches concerns the desirability of

changing the EIS terms of reference during the process, after critical comment has

been received from government reviewing agencies and the public.

The statutorily prescribed EIS is best represented by the Ontario model.

Sub-section 5(3) requires:

An environmenal assessment should be submitted to the Minister pursuant
to subsection 1 shall consist of,

(a) a description of the purpose of the undertaking;
(b) a description of and a statement of the rationale for,

(i) the undertaking,
(ii) the alternative methods of carrying out the

undertaking, and

(iii) the alternatives to the undertaking.
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(c) a description of,

(i) the environment that will be affected or that

might reasonably be expected to be affected,
directly or indirectly,

(ii) the effects that will be caused or that might
reasonably be expected to be caused to the

environment, and

(iii) the actions necessary to prevent, change, miti-
gate or remedy the effects upon or the effects
that might reasonably be expected upon the

environment

,

by the undertaking, the alternative methods of carrying out
the undertaking and the alternatives to the undertaking; and

(d) an evaluation of the advantages and disadvantages to the

environment of the undertaking, "the alternative methods of

carrying out the undertaking and the alternatives to the

undertaking. 1975, c. 69, s. 5.

Since the passage of the Act, these requirements have been supplemented by detailed
guidelines for many different classes of undertakings subject to assessment. The

guidelines make it clear that what is envisaged by s.5(3) is a very broad and full

review of the implications of proceeding with the undertaking in the manner propo-
sed. Two points are of particular note: First, the subsection requires the

proponent to provide a rationale for and evaluation of alternatives to the

undertaking , as well as alternative methods of carrying out the undertaking . The
result is that the proponent must assess the "need" for a proposed undertaking as

part of the EA. Second, because environment is defined so broadly, the EA must
include a social impact assessment (SIA) component, as well as a physical impact
assessment

.

Newfoundland follows more or less the same format. Subsection 13(3) of the

Newfoundland Environment Assessment Act requires:

2. The draft terms of reference referred to in subsection 1 shall be con-
sistent with the prescribed guidelines under section 12.

3. The draft terms of reference referred to in subsection 1 shall refer to

(a) a description of the proposed undertaking;
(b) a description of and a statement of the rationale for

(i) the undertaking,
(ii) the alternative methods of carrying out the

undertaking, and

(iii) the alternatives to the undertaking;
(c) a description of

(i) the present environment that will be affected or
that might reasonably be expected to be affect-
ed, directly or indirectly by the proposed
undertaking, and

(ii) the predicted future conditon of the environment
described under subparagraph (i) within the
expected life span of the proposed undertaking,
if the undertaking were not approved;

(d) a description of

(i) the effects that would be caused or that might
reasonably be expected to be caused to the envi-
ronment as described under paragraph (c), and

(ii) the actions necessary or that may reasonably be
expected to be necessary to prevent, change,
mitigate or remedy the effects upon or the
effects that might reasonably be expected upon
the environment,
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(e) an evaluation of the advantages and disadvantages to the
environment of the undertaking, the alternative methods of
carrying out the undertaking and the alternatives to the
undertaking;

(f) a proposed set of control measures or remedial measures
designed to minimize any or all significant harmful impacts
identified under paragraph (d);

(g) the proposed program of study designed to monitor all toxic
substances and other harmful impacts that would be produced
by the undertaking; and

(h) a proposed program of public information pursuant to section
17.

Quebec offers the same detailed approach, although the terms of reference or
''parameters' 1 for an Environmental Impact Assessment Statement (EIAS) are by regula-
tion (O.C. 3734 - 80, 3 December 1980), rather than as part of the statute.

Division III

PREPARATION AND PRESENTATION OF ENVIRONMENTAL IMPACT ASSESSMENT STATEMENT

3. Parameters: Any enviromental impact assessment statement prepared pur-

suant to section 31b of the Act may deal with the following parameters:

(a) a description of the project mentioning, in particular, the
desired objectives, the site (including the numbers of the

original lots affected by the project), the project time-
table, any subsequent operation and maintenance activities,
the amounts and characteristics of types of borrowed mate-
rials required, power sources, methods of management of

waste or residue other than road construction residue,
transportation activities inherent in the construction and

subsequent operation of the project, any connection with
development plans, urban zoning plans or agricultural zoning
and reserved areas within the meaning of the Act to preserve
agricultural land (1978, chapter 10) and any related opera-
tions planned by the proponent of the project, as well as

any other technical data and characteristics needed to

discover and evaluate the effects of the project on the

environment and to identify the required corrective or

compensatory measures;
(b) a qualitative and quantitative inventory of the aspects of

the environment which could be affected by the project, such

as fauna, flora, human communities, the cultural, archeolo-
gical and historical heritage of the area, agricultural
resources and the use made of resources of the area;

(c) a list and evaluation of positive, negative and residual im-

pacts of the project on the enviroment, including indirect,
cumulative, latent and irreversible effects on the aspects

identified in paragraph b, and a description of the area as

it will appear after the project has been carried out and

operated

;

(d) a description of the different options to the project, in

particular to its location, the means and methods of carry-

ing out and operating the project, and all other variables
in the project as well as reasons justifying the option
chosen;

(e) a list and description of measures to be taken to prevent,

reduce or attenuate the deterioration of the environment,
including the impacts listed in paragraph c, before, during
and after the construction or operation of the project,

including, in particular, any equipment used or installed to

reduce emission, deposit, issuance or discharge of contami-
nants into the environment, any control of operations or of

monitoring, emergency measures in case of accident, and

reclamation of the area affected.
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An environmental impact assessment statement on river works referred to

in paragraph b of section 2 must deal with the portion of the river
directly affected by the project.

An environmental impact assessment statement must be conceptualized and

prepared according to a scientific method.

The alternative of leaving the terms of reference to general guidelines, to be
refined on a case-by-case basis is well illustrated by the federal, Saskatchewan and

British Columbia approaches. The Terms of Reference for a federal assessment in

volve a rather complicated process of negotiation and public input. Terms of

Reference are first set by the initiating department (a department has the right to

determine what will be assessed), in consultation with FEARO. Hearings are then

conducted by EARP on the draft terms of reference for purposes of public reaction
and input. Following hearings, the Panel reports on the Terms of Reference and may
recommend modification to accommodate public concerns. The recommendations then

form the basis of further initiating department negotiations, with final terms of

reference being set by the Minister of the Environment. While the federal approach
has been to develop guidelines on a case-by-case basis, there has been a recent

movement to develop general guidelines for specific areas. Of particular note here
is the recent draft guideline on Social Impact Assessment . 26

Whether terms of reference and guidelines are set out in the statute or regu-
lations, or developed for the particular case at hand, they are invariably subject
to modification or "creative interpretation" if they do not fully respond to public
concerns about a proposed undertaking. It seems clear, for example, that the "socio-
economic" impact of a proposed undertaking must be addressed by the proponent, even
though the precise terms of reference may not address the issue.

Saskatchewan makes provision in the Act for promulgating specific regulations
for EIS's but the Cabinet has not yet exercised its regulation-making powers
Instead, the department relies exclusively on an extensive set of published
"guidelines" on:

- Electrical transmission lines.
- Protection of aquatic habitat during road construction.
- Establishment and operation of temporary work camps.
- Right-of-way construction and salvage.
- Environmental protection during road development.
- Collection of environmental data - heavy oil thermal pilot projects.

Some guidelines, such as "Environmental protection during road development"
are more in the form of an Ontario class environmental assessment, i.e. they pres-
cribe what the proponent must do, rather than offer draft terms of reference for the
preparation of a detailed EIS.

British Columbia also relegates the details of an EIS to the regulations
(section 3); however, the general enabling section for the regulation-making power
only authorizes the Minister to make regulations with respect to "sampling, analyti-
cal, quality control and reporting procedures to be followed by a person required to
submit environmental monitoring data ..." Subsection 15(2). Cabinet has broader
regulation-making powers ("... may make regulations" subsection 15(1), but it is not
clear that such non-specific powers give it authority to set terms of reference for
the EIS.

The choice between pre-determined statutory guidelines and highly specific and
individualized guidelines is largely illusory. Both approaches produce more or less
the same result. Ontario fine tunes its statutory guidelines for individual pro-
jects and types of projects, while FEARO has published guidelines for screening
projects and preparing Initial Environmental Evaluations (IEE). The need for both
generalized rules and project specific guidelines inevitably pushes the two ap-
proaches to the same result. From the standpoint of wide publication of the EIS
requirement, a fairly specific statutory statement is preferable. With the statute
as a starting point, detailed guidelines can then be established on an industry-wide
and, ultimately, project-specific basis.
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The final, and perhaps most difficult issue raised by the discussion of scope
concerns the amount and kind of impact assessment information necessary to meet the
requirements of the process. How much information is enough? What do we need to

know about risk before we make a decision about the advisability of proceeding with
a proposed undertaking? It seems clear that we must be prepared to make a decision
before we have definitive answers to all relevant questions. On the other hand,
superficiality will make the process a sham and an unsuccessful public relations
exercise. The issue cannot be resolved in the abstract. It requires precise under-
standing of both what "the public" (broadly defined) is prepared to accept in the
context of a particular project, as well as an appreciation of the relationship
between the front end of the process (preparing the EIS) and the back end (monito-
ring the development). Federal and provincial processes could be improved through
better techniques for determining as early as possible what information is relevant
to the decision. As well, the processes must include formal monitoring provisions.
Some Panels and Boards have recommended that a formal monitoring mechanism be

established as a condition of approval .

^

But monitoring is too important to be
left to be imposed on an ad hoc, case-by-case basis; it must be part of the process.

Only Newfoundland requires the EIS to include "a proposed program of study
designed to monitor all toxic substances and other harmful impacts that would be
produced by the undertaking..." (subsection 13(3) (g) emphasis added). Under sub-
section 13(4) the monitoring shall continue throughout both the construction and

operation stage of the undertaking. The danger, of course, with such a provision is

that it will argue in favour of undue reliance on post-construction monitoring to
justify highly questionable projects.

The advantages of a sophisticated monitoring program far outweigh the dis-
advantages. Not only is it a sensible device for dealing with the inevitable
uncertainty that surrounds the initial decision to proceed, but it is essential to

learn something about our ability to anticipate and predict impacts. Such knowledge
can only come through formal and systematic monitoring of construction and post-
construction impacts. Formalized monitoring also provides an opportunity to assess
the implications of abandoning an operating undertaking. Any process that ignores
the potential impacts at this point in an undertaking may overlook some of the most
serious environmental problems, particularly with regard to nuclear reactors, mines
and high employment activities.

THE TIMING OF EIA

Those who have studied EIA processes argue convincingly that the sooner the

process begins the better. If the process waits until the undertaking reaches the

project stage, many alternatives are eliminated from serious consideration and

evaluation. Nevertheless, beginning an assessment while an undertaking is still at

the planning stage has raised questions about how to assess effectively non-specific
plans, particularly in cases such as the recent Beaufort Sea Assessment where the

plans may be little more than dreams. As the intervenors in that case have noted, v

it is difficult to find anything to get your teeth into. Rigorous evaluation of a

plan tends to provoke such responses as - it is only a preliminary plan, we don't
necessarily intend to proceed with it; or, it is unfair to offer specific criticisms
of propsals that are still at the preliminary stage. In spite of criticism from in-

tervenors, the problems are being addressed by the Panel through multiple and phased
hearings. It seems that the Panel has struck a reasonable compromise between the

general and the specific, between assessment that comes either too soon or too late.

The timing issue has become a difficult problem for both the proponent and the

public. Conventional wisdom argues that an EIA that spans the plan to project

stages of an undertaking should be phased, with each phase dealing with an increa-
singly detailed and specific feature of the undertaking. While such an approach has

a certain obvious and intuitive appeal, it is not without its problems. Phased

assessment will only work well if the hearing body and the parties adhere to the

concept of stare decisis. In other words, once a decision is made, all parties must

be prepared to accept it and move on to the next phase of the hearing. But herein
lies the rub. Neither the parties, nor the hearing bodies are prepared to accept

such an approach, and thus, much of the advantage of phased hearings is lost. A
Consolidated Hearing Board's decision in Ontario confirms this point. After an
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early hearing to select an appropriate route for a Southwest Ontario electric power
transmission corridor, the Board approved a corridor and then reserved its right to

overturn its decision if subsequent hearings demonstrated that Ontario Hydro could

not find an acceptable route within the corridor .

^

While one can sympathize with
the Board’s approach and its determination not to finally decide a matter until it

has heard all the evidence, there is a point at which decisions must be made so that

the process can move forward.

THE ENFORCEMENT OF EIA

At one level, enforcement is a non-issue. Undertakings subject to the EIA
process may not proceed without the appropriate government approvals, and these are

normally only forthcoming after the proponent has complied with the process and

received the necessary licence or permit. Failure to comply with this provision is

an offence. In addition, other regulatory permissions or financial assistance may
depend on compliance with the EIA process. At another level, however, enforcement
poses some serious problems. Once the process results in a recommendation or deci-
sion and the proponent is permitted to proceed, subject to certain terms and condi-
tions, there is often some question as to who enforces the conditions. Government,
of course, normally has regulatory responsibility. But if the process and its

recommendations are not regarded as a part of the governmental process, the govern-
ment regulators charged with responsibility for requiring compliance with the terms
and conditions may have little enthusiasm for the task. In addition, once an under-
taking is constructed, the regulators may have few effective enforcement tools.
Requiring the proponent to post a performance bond as a condition of approval may
alleviate some enforcement problems, but not all jurisdictions give the department
or board such authority. The Ontario Board has expressed great reluctance at impo-
sing such conditions on municipalities or other public bodies. Thus, compliance
with the terms and conditions imposed may be more a matter of good luck, than good
regulat ion.

A more serious "enforcement" problem stems from a point already noted, namely,
the lack of an effective monitoring mechanism in the EIA process. It is astounding
how much the process demands at the front end and how little at the back end. For
some reason, the relationship between pre-assessment and post-evaluation seems to

have escaped most process designers to date. Rather than seeing the panel or board
recommendation or decision as the mid-point in the assessment process, it is gene-
rally regarded as the penultimate step. The consequences of this are two-fold.
First, without a formal monitoring mechanism, compliance with the terms imposed as a

condition of approval is problematic at best. Secondly, without a post-operation
assessment of the actual impacts of the undertaking, it is impossible to determine
the appropriateness of the terms and conditions imposed. At this point, impacts are
no longer speculative, but real and measurable. Surely this is the time to adjust
the terms and conditions to meet the needs of the process.

While much can be done to determine how much information is appropriate and
what kinds of information are relevant at the pre-assessment stage, the decision-
maker must ultimately approve or not approve an undertaking with many important
questions left unanswered. An effective monitoring program makes this kind of

uncertainty more palatable for both an apprehensive public and a cautious approving
agency. If either group can be confident that monitoring will identify the un-

anticipated problems and oversee the performance of the conditions imposed at the

approval stage, then undertakings that may otherwise be unacceptable can proceed.
This does not provide a rationale for proceeding with undertakings when serious
questions, such as the safe disposal of highly radioactive waste, remain unanswered.
It does provide a mechanism for adjusting and readjusting terms and conditions (and
the enforcement of the conditions) as experience accumulates and new insights into
the potential adverse effects of an undertaking are gleaned. Proponents will not
like the potential uncertainty introduced by such a proposal, but the uncertainty is

really of their own making. If they would prefer an information base, sufficiently
comprehensive to enable others to reach certain conclusions about future impacts,
such flexibility at the enforcement stage would not be necessary.
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THE APPLICATION OF EIA

The questions "to what and to whom do the statutes and policies apply?" sub-
divides into at least three parts. The first question, as befits a legal analysis,
is a legal or jurisdictional one. To what extent may one level of government apply
EIA procedures to another level of government? May federal activities ignore
provincial assessment legislation, are provincial projects bound by federal assess-
ment procedures, and, can municipalities (creatures of provincial legislature and
thus lacking an independent constitutional existence) circumvent provincial legisla-
tion and policy? The second question is one of policy. Should EIA include private
sector undertakings, or should its application be confined to public sector activi-
ties? And finally, if EIA legislation applies to a particular activity or class of
activities, under what circumstances and procedures, if any, should exemptions be
granted

.

Before delving into the more contentious questions of application, a general
point can be made. The process seems designed to apply to all major projects.

At the provincial level, the process generally applies to any public sector
activity that "may have a significant environmental impact" or that "may have a

major impact on a specific geographical area, limit or pre-empt the use of a provin-
cial resource, or is, or may be, of major public concern". Few major projects will
escape such a broad net - if the net is well set and if it is properly tended. The
federal process is equally broad in scope. It applies to all projects initiated by
federal departments, non-regulatory agencies and non-proprietary Crown Corporations.
(Federal regulatory agencies and proprietary Crown Corporations are invited to
participate.) Private sector projects involving federal land, funds or initiatives
fall within the ambit of EARP and are assessed if

1. the sponsoring federal department (the initiator) determines that
the potential environment effects will be significant; and

2. the proponent agrees to submit its proposed undertaking to the

process

.

Notwithstanding the potentially broad application of the process, few projects ever
reach the formal assessment stage.

1. Jurisdiction

The principal questions raised are: can the province require "federal" under-
takings to comply with provincial EIA procedures, and the converse, namely, does

Parliament's jurisdiction extend to "provincial" undertakings?

Before dealing with these issues, let us quickly dispense with questions
raised by the relationship between a province and its municipalities. The munici-
pality is wholly a creature of the legislature - it has no abstract right. Thus a

municipality may not use a municipal by-law to frustrate the intent of a provincial-
ly sponsored EIA process.

The relationship between the provinces and the federal government is more
complicated. Rather than engage in a long discourse on the Constitutional division
of powers the main points will simply be summarized.

- Some provinces have avoided the issue by declaring politically
their position with regard to jurisdiction. Thus, Ontario, for

example, has stated that the Environmental Assessment Act has no

application to federal projects. Nuclear generating stations pro-

posed by Ontario Hydro are subject to the Act, although licensing

the reactor is a federal responsibility carried out by The Atomic

Energy Control Board under The Atomic Energy Control Act.

- The federal government has avoided the problem by either negotia-

ting joint federal/provincial assessment processes (Point Lepreau

Nuclear Generating Station in New Brunswick, Gas Development from
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the Venture Gas Field off Nova Scotia) or abandoning jurisdiction
to the province with regard to potentially contentious projects.

- Neither government is prepared to fight over jurisdiction. Indeed,
the danger is not in a fight, but rather that each government will
abdicate responsibility to the other with the result that no

assessment is conducted (e.g. Keating Channel in Toronto). ^9

2. Private Sector

No jurisdiction has extended the EIA process to the private sector other than
on a voluntary basis. The federal EARP applies to private undertakings, but only if

they involve federal funds, money and/or initiative. Thus, some oil and gas explo-
ration and development projects in the North and offshore have been assessed, but

most such projects involve so much federal money (an 80% grant for exploration by a

Canadian owned company on federal lands) that the company may be regarded as an

appendage of government. Provincial legislation, such as the Ontario Environmental
Assessment Act

,
includes private sector undertakings (section 3(b) but includes

elaborate "avoidance" mechanisms. Thus, for a private undertaking to be assessed in

Ontario, all of the following must occur:

- section 3(b) of the Act must be proclaimed in force;

- a "cut in" day must be proclaimed bv the Lieutenant Governor-in-
Council;

- an enterprise must be designated as a "major commercial or busi-
ness enterprise" by the Lieutenant Governor-in-Council pursuant to

sect ion 41(c);

- an enterprise or class of enterprise must be defined as one to

which the Act applies, again by the Lieutenant Governor-in-
Council, pursuant to section 41(d).

Once these conditions have been met, a private project, like any other pro-
ject, may still be exempted from the process.

While the question of whether to assess private undertakings raises no logical
problems (the environmental impact is not a function of ownership), there are some
very obvious practical constraints. Assessments in Ontario, for example, have be-
come time-consuming, with most of the "delay" occurring at the government review
stage. It would seem to make sense not to assess private undertakings until these
delays can be overcome, and private proponents can be assured that undertakings will
be reviewed quickly and efficiently by government. With government staff cutbacks
in most jurisdictions, there would seem to be little prospect of a significant time
savings. Indeed, for private sector undertakings to come within the processes pro-
perly, jurisdictions must re-examine the goals of the process with a view to setting
assessment priorities on the basis of potential impact, rather than ownership pat-
terns. Thus, many more relatively small public sector projects (which take as long
to assess as the large projects) should be class assessed, freeing up more depart-
mental time to review only major projects, irrespective of whether such projects are
public or private.

3 . Exempt ions

One of the most contentious issues surrounding EIA, particularly in Ontario,
is the way in which undertakings are exempted from the process. As the chart below
illustrates, exempting provisions of one form or another (whether informal or
formal) are characteristic of all jurisdictions.
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JURISDICTION

Federal

Newfoundland

Quebec

EXEMPTION PROVISIONS

None. Exemptions are made informally at the pre-screening,
screening and terms of reference stage, and of course, in the way
in which "significant impact" is defined.

Where the Minister is of the opinion that it is in the public int-
erest, having regard to the purpose of this Act and weighing the
same against the injury, damage or interference that might be cau-
sed any person or property by the application of this Act to any
undertaking, the Minister, with the approval of the Lieutenant-
Governor in Council, may by order

(a) exempt an undertaking or a proponent of an undertaking
from the application of this Act or the regulations or
any matter or matters provided for in this Act or the

regulations, subject to such terms and conditions as

the Minister may impose;

(b) suspend or revoke an exemption referred to in paragraph
(a); or

(c) alter or revoke any term or condition of an exemption
referred to in paragraph (a)

(section 36(1))

The Government or any committee of ministers contemplated in
section 31.5 may exempt, wholly or partly, from the enviromental
impact assessment and review procedure provided for in this divi-
sion, any project the physical realization of which is to begin
not later than one year after the coming into force of the regula-
tion of the Government making that project subject to the said
procedure

.

Not later than fifteen days before making such decision, the

Government shall publish a notice of his intention in the Gazette
officielle du Quebec.

Notice of such decision shall then be published in the Gazette
officielle du Quebec.

However, the Government or a committe of ministers contemplated in

section 31.5 may, without notice, exempt a project from the

environmental impact assessment and review procedure, where the

realization of the project is required in order to repair orv

prevent the damage caused by an actual or apprehended disaster.

Where it exempts a project from the environmental impact assess-

ment and review procedure under this section, the Government or

the committee of ministers contemplated in section 31.5 shall
issue a certificate of authorization for the said project and add

thereto the conditions it deems necessary for the protection of

the environment.

The decision made under the first three paragraphs and the certi-
ficate of authorization pertaining thereto ceased to have effect

if the physical realization of the project is not begun within the

delay provided in the first paragraph.

( section 31.6)
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EXEMPTION PROVISIONS

Where the Minister is of the opinion that it is in the public
interest, having regard to the purpose of this Act and weighing
the same against the injury, damage or interference that might be

caused to any person or property by the application of this Act to

any undertaking, the Minister, with the approval of the Lieutenant
Governor in Council or of such Ministers of the Crown as the

Lieutenant Governor in Council may designate, may by order,

(a) exempt the undertaking or the proponent of the under-
taking from the application of this Act or the regula-
tions or any matter or matters provided for in this Act

or the regulations subject to such terms and conditions
as the Minister may impose;

(b) suspend or revoke an exemption referred to in clause a;

(c) alter or revoke any term or condition of an exemption
referred to in clause (a).

( section 30)

Where in the opinion of the Lieutenant Governor in Council there
is an emergency, he may exempt any development, any class of

developments or any proponent from the application of all, or any
part, of this Act or the regulations.

(section 4)

British Columbia None. British Columbia follows the federal approach
assessing projects with "serious environmental
"Exemption" is done by way in which the Minister defines
environmental impact".

Exemptions raise fundamental question about the whole process. If major pro-
jects are continually exempted, as they have been in Ontario, the process is a sham.

On the other hand, if the legislation requires assessment of all undertakings,
unless exempted, as the Ontario Act does (section 3), the exempting power must be

exercised frequently. In an effort to make exemptions more publicly acceptable,
Ontario appointed an advisory council in 1983 to advise the Minister on exemptions,
both at the level of individual undertakings and, where appropriate, for categories
or classes of undertakings. While it is too early to assess the likely succes of

such an approach, it is a clear improvement over the past practice, namely, standard
exemption for virtually all controversial projects, with the reasons for the exemp-
tion, cast in the exact language of the statute.

Indeed, the statutory exempting criteria for both Ontartio and Newfoundland do
not seem appropriate. There is no doubt that the decision must be a balancing of

interests, but it is not clear that the damage (inconvenience) to persons is a

particularly relevant consideration. The raison d'etre for the Act is to prevent
future damage. A preoccupation with assertions of the inconvenience of compliance
makes a mockery of the whole process.

The experience in Saskatchewan suggests that statutory criteria may have lit-
tle relevance in the end. The only criterion for exempting projects in Saskatchewan
is an "emergency". While a literal interpretation would lead one to conclude that
few projects would qualify for exemption, particularly if EIA is designed to provide
an early assessment of impacts of potential projects, the Minister has exempted many
projects on grounds of an emergency. Indeed, it seems if one waits until a proposal
is needed, it may not be difficult to justify an exemption on emergency grounds.

All of this suggests that EIA is a concept that is still not well accepted by

government. The theory may be persuasive, but if the practice inconveniences a pro-
ponent and requires that decision-making be restructured, the pressure to dispense
with EIA is almost irresistible.

of only
impact"

.

"serious

JURISDICTION

Ontario

Saskatchewan
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CONCLUSION

Overviews are never designed to provide many answers to current problems, and

that is certainly true of this one. Instead, it offers a description of past
practices, present policies and future trends. Many problems remain. Many ques-
tions are left unanswered. Hopefully this review has provided a suitable framework
within which the problems may be tackled and the questions addressed.

ENDNOTES

1. This statement invites a definition of "legal". For purposes of this paper I

define a legal process as one embodied in legislation, thereby excluding the
less formal policy processes.

2. The relevant statutory and non-statutory documents are as follows:
Canada - Revised Guide to the Federal Environmental Assessment Review Process
1979, FEARO, Ottawa; Newfoundland - Environmental Assessment Act

, 1980, S.

Nfld, 1980 c.3; Ouebec - Environmental Quality Act
, s. 0 1979, c. Q-2 Div

.

IV-1; Ontario - Environmental Assessment Act
, 1975, R.S.O. 1980, c. 140;

Saskatchewan - The Environmental Assessment Act
,

S.S. 1980, C. E-10-1; British
Columbia - Environment Management Act

,
S.B.C. 1981, c. 14.

EIA in Manitoba is conducted pursuant to departmental policy, confirmed by
Cabinet decision dated Nov. 12, 1975. See, Poch and Willms, "Environmental
Impact Assessment: A Cross Country Perspective" a paper presented to the

Alberta Society of Professional Biologists, Edmonton, Alta, April 22, 1980 at

41. EIA in New Brunswick is conducted pursuant to a comprehensive policy
announced on Oct. 8, 1975. See, "Environment Impact Assessment in New
Brunswick", Environment New Brunswick, November, 1975. EIA in P.E.I. is not

practiced on a comprehensive basis although by Minute of the Executive Council
dated February 14, 1973 (No. 16/73) government departments and agencies are

expected to prepare EIS’s under guidance of the Environmental Control
Commission. See, No. 16/73; Environmental Control Commission Environmental
Impact Statements as a Requirement for Development Proposals. EIA in Nova
Scotia and Alberta is conducted pursuant to general environmental protection
legislation, rather than specific EIA legislation. See, the Environmental
Protection Act, S.N.S. 1973, c.6, as amended and the Land Surface Conservation
and Reclamation Act

,
S.A. 1973, c. 34 as amended.

3. S.A. 1973, c. 34 as amended.

4. R.S.O. 1980, c. 140.

5. Perhaps the most influentual development in this regard is the creation of

standard rule of procedure and practice for the Beaufort Environmental Assess-

ment Panel community and general hearings. See Beaufort Sea Environmnetal
Assessment Panel: Guideline for Community and General Hearings, March, 1982.

6. The distinction between the initiator and the proponent is sometimes a little

confusing. The proponent is the person responsible for conceiving and imple-

menting the project. The initiator is the government department responsible
for the project. Thus, for "government" projects the responsible department
may be both proponent and initiator. For "private" projects, the two will

always be separate. The function described in the text is performed by the

initiator.

7. R.S.N. 1980, c. 3.

8. S.Q. 1979, c. Q-2.

9. R.R.Q . 1980, c. Q-2, R-9.

10 S.S. 1980, c. E-10

.
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11. See, for example. Guidelines for the Environmental Screening of Recreation and

Municipal Development Projects (August, 1979).

12. R.S.S. 1978, c. P-38.

13. The Ontario Hearing Board (CHB), a joint body comprised of both Ontario
Assessment Board and Ontario Municipal Board members recently requested that

the Ministry of the Environment "Take a position" at a proposed landfill site
hearing under the Environmental Protection Act

,
R.S.O. 1980, c. 141.

14. At the public hearing stage participants almost inevitably fall into a for or

against mode, a characteristic of all adjudicative processes.

15. The distinction is really an informal one adopted by the Board. It is simply
a way of ensuring that anyone who wishes to make an oral or written presenta-
tion at a hearing will have an opportunity to do so. See B. Smith, "Practice
and Procedure before the Environmental Assessment Board". The Advocate's
Quarterly (1981-1982) p. 195.

16. Supra note 5.

17. The mediator is M. Picher, a person with a good deal of experience as an
Ontario Labour Relations Board Vice-chairman and as a private labour relations
mediator.

18. EA Update
, 1977, No. 1 p. 7.

19. S.O. 1981, c. 20.

20. B. Smith, "Practice and Procedure before the Environmental Assessment Board",
supra, note 14.

21. S.B.C. 1981, c. 14.

22. R.S.C.B. 1979, c. 110.

23. S.Q. 1979, c. Q-2.

24. Exemptions are discussed in detail infra p. 17 ff.

25. The danger is real. Without a formal procedure for cabinet review, the party
with better access to Cabinet has a distinct and unfair advantage.

26. W. Couch, Draft Guidelines for Preparation of Social Impact Assessment, 1982.
(FEARO, Ottawa).

27. For example, the federal Environmental Assessment Panel (EAP) Report for the

proposed Shakwak Project (a road widening project in the Yukon) recommended
that a monitoring committee be established. (FEARO, Ottawa) 1978.

28. See, The Joint Board, Reasons for Decision : Ontario Hydro Southwestern Ontario
Plan Stages, June 18, 1982 pp. 4-5.

29. For an excellent discussion of the Keating Channel exemptions, see M.A.
Bowden, The Use and Impact of Exemption Procedure on Ontario's Environmental
Assessment Act, 1975

, (1981) LL.M. thesis, York University.
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ENVIRONMENTAL IMPACT ASSESSMENT IN ONTARIO

Ronald Pushchak
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In the ten years that have passed since the federal government established an
Environmental Assessment and Review Process and the Ontario government introduced
Environmental Impact Assessment (EIA), a large number of EIA studies have been
completed and many significant public decisions affecting environmental quality have
been made. The record of EIA practice in Canada indicates that in a limited number
of cases, the EIA procedure has been instrumental in forcing the consideration of

potential environmental consequences of large public projects before irreplaceable
natural resources have been lost. A 1980 decision by a federal Environmental
Assessment and Review Panel to reject a proposal by Eldorado Nuclear Ltd. to build a

uranium concentrate (yellowcake) refinery in the Mennonite community of Warman,
Saskatchewan is one example. The panel concluded that a distinctive and cohesive
social environment would be affected by the proiect and that social impacts had not

been appropriately identified or addressed in the EARP^

.

The Warman, Saskatchewan case, however, is not typical. In the majority of

cases, the EIA process has either been applied to projects too small to warrant a

costly assessment or has been arbitrarily applied or, in some cases, not applied to
large-scale projects. The result has been a discernable lack of effect on major
public projects with significant and long-lasting environmental conseqeuences
(Beanlands and Duinker 1983) .

It is clear that EIA was intended to change fundamentally the manner in which
society's decisions on major projects were made. Lang (1979) suggested that EIA
could be a potent mechanism for environmental improvement because its use tended to

create the potential for major reform in public decision-making by establishing:

a process which legitimates, brings together and provides a forum for

examination of some sensitive issues, central to the way our society now
operates, which otherwise tend to be kept under cover and apart.
(Lang 1979:250)

The fact that change has been less than fundamental does not reflect the spirit of

the legislation or the scientific and procedural shortcomings of the conventional
EIA process. ^ Rather, this paper argues that limitations of the effectiveness of

EIA's are due to the unavoidable requirement that EIA's be created and reviewed
within the existing political and institutional framework of Canadian politics, a

context that constantly reflects the changing priority of issues on the public
agenda and the political pressures on government agencies that review EIA's.

This paper outlines the development of the EIA process over the last decade in

Canada with particular attention devoted to the experience in Ontario because of its

specific legislation (the Environmental Assessment Act 1975 requiring formal impact

assessment) and its long provincial record of EIA use. The paper then discusses the
political context of EIA, indicating the balance that has developed in practice

^In the Eldorado Nuclear case, it was decided by the panel that the potential social
impacts were too important to be ignored in judging the acceptability of the

project. The Minister and the Cabinet accepted the panel's report and the project
was halted. (See Report of the Environmental Assessment Panel, July 1980.)
^There are several studies which review the technical and procedural shortcomings of

EIA: (Mitchell and Turkheim 1977; Holling 1978; Couch 1982; Beanlands and Duinker
1983).
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between political needs and EIA requirements. The institutional context is des-
cribed and, in particular, the behaviour of institutions that have been created to
administer and review EIA's. Finally, the paper will argue that the EIA process has
served, not as the agent of reform, but rather as a status quo-restoring mechanism,
guided by economic and political interests, to move the pendulum of change in public
decision-making back toward a less volatile middle ground.

EIA: DEVELOPMENT OF AN IMPERFECT INSTRUMENT

In its simplest form, an EIA is a decision-making process to decide whether to

proceed with a project before major reseources (time, money) and irreplaceable
assets (sensitive ecosystems, rare species, aesthetically important features) are
committed. It is a comprehensive process which takes into account all affected
environments: physical, economic and social, and like all comprehensive planning
mechanisms, it is flawed in several dimensions.

1. It is not clear which projects require an EIA. Large public decisions
(a nuclear generating station or a regional hazardous waste disposal
facility) intuitively call for an EIA. However, for small-scale,
routine projects, the expense of creating an EIA is not warranted. No
theoretical guide exists in deciding which projects to assess or not to
assess; consequently the decision is usually arbitrary.

2. Considerable disagreement exists about the appropriate content and
format of an EIA. There are content conventions established by legisla-
tion and practice in each province but little agreement exists as to

what should be included in an EIA.

3. For comprehensive planning studies, such as an EIA, there is no
"stopping rule" (Rittel and Webber 1973). It is not known how big the

impact area should be or how many impact factors should be considered,
nor is it clear how far in the future impacts should be assessed.
Consequently, impact assessments are inclusive documents where the
decision to stop collecting data is based on the limited resources of

the investigators rather than the exhaustion of things to investigate.^

4. The ability to predict the impacts of a project, particularly in econo-
mic and social environments, is limited. In conventional EIA's, pre-

dictions are more apt to be "vague generalizations about the likelihood
of certain conditions prevailing during and after project construction,
as opposed to quantified forecasts which could be subjected to verifica-
tion" (Beanlands and Duinker 1983:30).

3. The significance of predicted impacts is difficult to establish and

rarely indicated in existing EIA's. It is not often clear how much
environmental degradation can be permitted before a significant change

occurs. Consequently, a decision-rule indicating the appropriate level

of contamination is lacking, and the decision whether to accept or

reject a project is largely subjective.

The limitations of the EIA process outlined above raise the question of how a

flawed mechanism came to be a major part of the decision-making process. The answer
is to be found in the political development of EIA, and the changes in political
context that occurred when EIA was first considered as a dec i son-making instrument.

^Beanlands and Duinker point out in their recent review of 21 Canadian EIA's that

they had not found a single EIA that documented the use of a scoping exercise early

in the process to reduce the data collected to a set actually relevant to the

decision. They indicated that the norm was: "to have a look at everything, at least

superficially, regardless of how insignificant to the public or the decision-makers
(Beanlands and Duinker 1983:29).
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POLITICAL DEVELOPMENT OF ENVIRONMENTAL IMPACT ASSESSMENT

In the post-war period prior to the creation of impact assessment, public
decisions that affected environmental quality largely reflected the distribution of
political power. Projects were initiated for single purposes (flood control dams,
irrigation dams, highways and pipelines) and were often undertaken in specific
locations to bring revenues and employment to the constituents of local political
representatives without regard to the many environmental or social consequences of

each proiect. This "pork barrel" pattern of decision-making continued largely un-
checked until the late 1960's even though major environmental problems, particularly
air and water quality deterioration, had been identified in the 1950's. What little
action was taken to improve environmental quality or, at least, to prevent further
deterioration was largely voluntary in nature. Water quality conferences were held
in the 1950 's and River Basin Commissions were created to improve water quality but

Were armed only with requests for voluntary action rather than regulatory power.
Federally funded river basin commissions monitored the dimensions of the problem,
identified polluters and extracted promises of improvement with little effect. For
new projects, there were no development guides and society was compelled to accept
the environmental consequences that were created with each new project.

This pattern of decision-making would have continued unchecked but for a

significant change in the political climate brought about by an unprecedented out-
pouring of public concern for environmental quality. It began in the early 1960 's

and, by the end of that decade, public interest had reached such proportions that a

major change in political priorities occurred and environmental quality was placed
high on the public agenda.

The rapid increase in popular environmental concern had a significant effect
on the political context of public decision-making. The extreme levels of concern
forced environmental issues to be considered in every major project. However, as

noted by Pushchak in Table 1, it was a change in the composition of that concern
that had the most profound effect. While early interest in environmental quality
focussed on single sectors of concern (air quality, water quality, pesticides), in

the late 1960 's the public began to view the problem as a comprehensive one that

included all individual concerns.

Table 1. Percentage of media content devoted to comprehensive environmental
concerns

Year Number of

environment al

concern items

% comprehensive
environment al

concern

Year Number of

environmental
concern items

% comprehensive
environmental

concern

1961 30 6.7 1968 30 20.0
1962 32 6.5 1969 78 28.2*
1963 25 0.0 1970 155 44.5*
1964 33 12.5 1971 132 34.4*
1965 28 20.7 1972 107 34.0*
1966 28 10.3 1973 88 18.2
1967 46 19.6 1974 83 15.7

*indicates that comprehensive environmental concern was the leading concern in that
ye ar

.

Source: Pushchak (1981) "A content analysis of environmental concern and strategic
planning. Unpubl. Ph.D. dissertation, Princeton Univ., p. 151.

Not only was there a major increase in the demand for environmental improve-
ment, but that interest was decidedly comprehensive in nature. In effect, the

single environmental issues of the early 1960 's had coalesced into one broad,
comprehensive concern. In the peak year of 1970, slightly less than one half of all

media content suggested that* environmental problems required comprehensive policy
solutions

.
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It is conventional wisdom in the political process that policies are devised
to meet the prevailing perception of the problem at hand. As Rosenbaum pointed out:

Public officials are quite often instruments of public opinion; they
tend, especially, to become acutely responsive to public sensitivities
when they perceive that something approaching consensus has developed on
some policy matter. So it was with ecology (Rosenbaum (1977:6).

It was clear that a popular consensus had formed in the mood of environmental crisis
prevailing at the time which viewed environmental deterioration as a pressing
comprehensive problem that required corresponding policy response. Legislators in

the United States rushed to satisfy this demand and the outcome was the National
Environmental Policy Act (NEPA) of 1969. NEPA made environmental protection a major
federal responsibility and created the Environmental Impact Statement (EIS) require-
ment as the principal means of forcing comprehensive environmental planning to be

done for new government projects.

The major difficulty with the EIS requirement was that an EIS method did not
exist and there was considerable confusion regarding its content and format. The
NEPA legislation provided only loose guidance for an EIS and made no suggestions
about the appropriate methods of analysis to be used. The result was that the EIS
process was assembled from the available planning methods of that day. The inven-
tory, or baseline, component was taken from existing comprehensive urban and regio-
nal planning studies; the first method of impact prediction (Leopold's matrix
method) was drawn from a relatively obscure water resource study done for the U.S.
Geological Survey; and evalution methods (benefit-cost analysis or weighting-
scoring methods) were taken from existing urban and transportation planning
studies

In this fashion, EIA was created as a hybrid of existing methods and approach-
es that were pressed into service for reasons of political expediency. An EIA
process was needed to meet the policy demand created by the intensity and comprehen-
siveness of popular environmental concerns. Little time was taken to examine the

problem or to design a practical method of controlling project impacts. It was not
clear even to the participants that EIA was the appropriate mechanism for protecting
environmental quality since it was completely untested. Furthermore, the conserva-
tive Nixon administration felt strongly that the conventional decision-making
process should not be fundamentally changed and that the existing balance between
political needs and environmental quality should not be upset. Nixon relented and

agreed to the NEPA approach only under extreme pressure from a progressive Congress
and within the crisis atmosphere of environmental concern which prevailed in 1969-
1970.5 The result was the passage of a politically attractive but premature and

untried policy to establish the legal requirement for an EIA.^
/

The development of an EIA process in Canada lagged behind the United States in

time and with significant changes that reflected the Canadian political and social
structure. Popular environmental concerns in Canada assumed a comprehensive view
similar to that prevailing in the United States and there was a comparable desire

^Leopold's matrix method of impact prediction was taken from a U.S. Geological
Survey report: Leopold, L. et al . (1971), "A procedure for evaluting environmental
impact" U.S. Geological Survey Circular 645.
^Nixon and moderate Democratic actors like Senator Jackson were not in favour of a

comprehensive approach to decision-making or a strong federal regulatory role. They
favoured a flexible approach under state and local controls. They had also not

contemplated a mechanism like the EIA.

^Wolfe argued that "in the political process which mediates between demands for

various actions, rewards often accrue to legislators or executives who articulate
and publicize problems and who propose solutions rather than assuming the responsi-

bility for their implementation". In this light, legislators who supported NEPA
including the EIA requirement made substantial political gains even though it was

not clear that the EIA process could be implemented and actually affect change.

See: Wolfe, C. (1979), "A theory of non-market failures". Public Interest,

55:114-133.
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among Canadian legislators at both federal and provincial levels to establish an EIA
procedure. However, after observing the American approach, which favoured legisla-
tion binding the government, and after noting the political difficulties such legis-
lation caused (particularly delays to the Trans-Alaska Pipeline) Canadian legisla-
tors chose a more flexible EIA procedure, one which allowed environmental concerns
to be balanced against political needs.

^

At the federal level, the Canadian Environmental Assessment and Review Process
(1973) was structured to allow project proponents to conduct an "initial environmen-
tal evaluation" of their own projects. This gave Canadian agencies considerable
discretion in deciding which projects would create significant environmental impacts
and thus require the preparation of an EIA. In addition, the federal Cabinet
retained the power to decide whether individual projects should proceed despite
their environmental impacts if they were in the national interest. This avoided the
binding nature of U.S. Legislation.

At the provincial level, Ontario passed the Environmental Assessment Act in

1975, requiring an EIA for all Public Sector projects. However, as in the federal
legislation, considerable discretionary power was reserved in the Act for elected
officials and the cabinet. The Minister of the Environment or Cabinet could decide
which projects were to be exempted from the EIA requirement and could, therefore,
advance those projects that had a high political priority. In addition to other
discretionary powers, the Minister, and ultimately Cabinet, retained authority to

approve or reject the findings of an EIA. Thus, even if a project were subject to

the EIA requirement, a recommendation to reject it would not necessarily be followed

if there were pressing political reasons to have it approved.

Although Ontario is the only province to date to have passed a specific act

requiring the preparation of an EIA, two other provinces (Ouebec and Newfoundland)
are considering similar legislation and the remainder have either set up an admini-
strative procedure to review new projects or have used existing environmental legis-

lation to prevent unwanted impacts (See Table 2). Further discussion of this point
is found in the chapter by Emond in this volume.

The development of a flexible, non-binding Canadian approach to EIA has proved

to be politically fortunate, since the widespread and vocal popular concern for

environmental quality which created the demand for EIA procedures has declined con-

siderably. It is clear that popular concerns have passed through a complete cycle.
Downs (1972) argued that such declines tended to occur after an issue has been
placed on the public agenda and legislation has been passed to satisfy those pres-
sures. ^ Decision-makers begin to realize that serious observance of the legislation
will require major changes in existing policies and may threaten important bases of
political support. As the inevitable decline of public support occurs, a government
may find itself bound by politically difficult and costly requirements such as an
EIA, with no means of expanding those limitations and without the popular support to

continue their vigorous application.

^In the United States, the Trans-Alaska Pipeline was held up for several years,
while adequately researched EIA's were conducted and native land claims settled. It

has been agreed generally that the environmental consequences of the pipeline were
reduced as a result of this delay; however, during the 1973-1974 Arab Oil Embargo,
it was a matter of extreme political urgency to increase energy self-reliance by

approving the pipeline. Since the American legislation was not sufficiently flexi-
ble to respond to a political necessity, it was necessary for Congress to override
the NEP Act in the pipeline case to approve the project (see Jackson, 1976, p. 245).
^There is considerable disagreement about the causes of decline in public support
for environmental improvement. Down's model suggests the decline is behavioural,
whereas Brownstone (1983) suggests the decline is intentionally managed by political
interests and bureaucratic institutions to re-establish the imperative of economic
growth

.



80 R. PUSHCHAK

Table 2. Provincial approaches to environmental impact assessment, 1980.

Provinces Use specific act Use other
environmental
legislation

Use EA policy or

administrative
procedure

British Columbia X xa
Alberta X

Saskatchewan X xb

Manitoba X xb

Ontario X

Quebec xc X

New Brunswick xa
Nova Scotia X

Newfoundland xc X xb

Prince Edward Island X

a = for public projects; b = underway; c = being considered.
Adapted from Lang and Armour (1978)

British Columbia : The Environmental and Land Use Act, 1971; Land Act, 1970;

Pollution Control Act; Coal Mines Regulation Act, 1969; The Water Act, 1970; Guide-
lines for Environmental Impact Assessment or Power Projects; Coal Development
Guidelines; Guidelines for Linear Development; Guidelines for Environmental Impact^
Control of Development on B.C. Crown Lands.
Alberta : The Land Surface and Reclamation Act, Chapter 34, 1973; Environmental
Impact Assessment System Guidelines.
Saskatchewan : Department of the Environment Act, Chapter 31, 1972; Environmental
Impact Assessment Policy and Guidelines.
Manitoba : Clean Environment Act, Chapter 130, 1972; Environmental Assessment and

Review Policy.
Ontario : The Environmental Assessment Act, 1975; Environmental Assessment Guide-

1 ines

.

Quebec : The Environmental Quality Act, Chapter 49, 1972; Regulations.
New Brunswick : Environmental Impact Assessment Policy, 1975.

Nova Scotia : The Environmental Protection Act, Chapter 6, 1973; The Water Act,

Chapter 335, 1973; Guidelines for Environmental Assessment.
Newfoundland : Approval in principle given to the drafting of an Environmental

Assessment Act.

Prince Edward Island : Executive Council Minute 16/73, 1973.

Fig. 1. The issue-attention cycle

Source: Based on A.J. Downs (1972); Cited in: Foster and Sewell (1981)
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THE POLITICAL FLEXIBILITY OF ONTARIO'S EIA LEGISLATION

Canadian decision-makers have not been bound by politically difficult and

costly EIA requirements because broad discretionary powers have been made part of

the federal and provincial EIA legislation (see Emond in this volume). The politi-
cal benefit of such a flexible, discretionary EIA process is that it does not usual-
ly impede politically significant projects from being carried out, because the EIA
requirement can be applied or set aside whenever a project of national or regional
interest is involved.

In order that the EIA process function in its intended manner, two conditions
must be met. First, it requires continued high levels of popular support in order
that the spirit as well as the letter of the process be followed. Second, the EIA
requirement must be accepted by the existing political structure and its competing
interests. The political context for EIA over the past ten years has not satisfied
either of these two conditions.

With regard to popular support, the available evidence suggests that Canada
and the United States are in the 4th Stage of Down's issue-attention cycle in which
a gradual but significant decline in public concern inevitably occurs. The decline
in popular concern has been measured by Pushchak (1981) and Bowman (1981). Bowman
suggested that the emphasis on environmental issues in the mass media shifted in the
mid-1970's away from a comprehensive concern for environmental quality to a specific
concern with energy resource management issues following the Arab oil embargo of

1973 and continuing through the major energy price escalations of 1979. Pushchak'

s

study indicated that the overall level of popular environmental concern has declined
substantially. In response to this and the shift away from a comprehensive environ-
mental viewpoint, the popular political support necessary for continued vigorous
implementation of the EIA process has waned with the energy issue capturing popular
attention. It can, therefore, be concluded that one characteristic of the existing
political climate for EIA is a lack of broad popular support.

The second condition, that the EIA requirement be acccepted and adopted by the

existing political structure, relatively unchanged, has also not been met. This is

particularly true for Ontario where the EIA process has been altered substantially
in practice through the use of exemptions, Class Environmental Assessments, and

general "blanket" exemptions for the activities of other ministries and government
agencies

.

The original intent of the EIA requirement was to assess the consequences of
every public project. However, given the Minister's discretionary power to exempt
projects, both large and small, it is clear that the EIA requirement has been
applied selectively to new projects. This is also the true for class EIA's which
are projects routinely exempted as a group because they are relatively small in

scale, similar in nature, and have similar impacts.

The record of impact assessment practice given in Table 3 for Ontario
indicates that the number of exemptions granted to new and old projects has been
large (950) compared with the number of assessments submitted for approval (89).

The opportunity to exempt projects already underway has resulted in a large number
of dormant projects being revived in order that they be exempted at the request of

the Ministry of Transportation and Communications in May of 1979 had been listed as

planned in I960, nineteen years before the exemption was granted. "Blanket"
exemptions of the conventional activities of government agencies have returned to

the hands of project proponents the responsibility for environmental protection.
The Ontario Energy Corporation, for example, was exempted in 1980 from the EIA
requirement for all explorations for all mineral deposits, principally lignite, in

the James Bay lowlands; explorations would include drilling, seismic exploration,
road construction and associated activities in a fragile environment.
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Table 3. Environmental Impact Assessment in Ontario: 1976 to December 1982

Individual project exemptions 228
Total

Number of projects exempted under 9 groups exemptions 706* exemptions
950

"Blanket" exemptions for regular activities of government agencies 16

Number of Class EIA's submitted for approval 28 Total
submissions

Number of individual EIA's submitted for approval 61 89

*Group exemptions are for projects initiated prior to enactment of the Legislation
("grandfather" exemptions)

.

Source: EA update, Published data, Ministry of the Environment, Toronto.

While many of the individual and group exemptions were granted for small
projects without significant environmental consequences, projects are included in

that group with substantial environmental impacts that have been exempted to avoid
delays in government energy development and waste disposal plans. Major exemptions
include

:

Proposed expansion of Uranium Mines at Elliot Lake (by Order-in-Counc il

)

The Darlington Nuclear Generating Station (by Order-in-Counc il

)

Ontario Hydro's planning for Load Growth South of the Bruce Nuclear
Generating Station (Order-in-Council)

Keating Channel Dredging and Leslie Street Spit Soil Deposition in

Toronto
I

Ontario Waste Management Corporation's Liquid Industrial Waste Disposal
facility (by Order-in-Council)

Toronto's 245 Acre Keele Valley landfill site in the Township of Vaughan

Source: E.A. Update, Published Statistics, Ministry of the Environment, Toronto.

The list of selected exemptions indicated that the Cabinet has found its dis-
cretionaly powers useful in advancing controversial projects it deems politically
necessary. It would be poor political form indeed for the Ministry of the Environ-
ment to reject projects through the EIA process to which Cabinet was politically
committed. In this way, the exemption mechanism, structurally incorporated in the

Environmental Assessment Act, has provided an avenue for political interests to

assume priority over environmental goals.

In addition to formal exemptions, there are a number of informal means at the

administration's disposal to influence public decisions politically. One method is

to limit public access to decision-making. Access to decision-making can be formal-
ly limited at the Minister's discretion; however, the most common and significant
limit on accessibility is financial. Because participation in the EIA process, and

particularly in hearings before the Environmental Assessment Board (research, mate-
rials, and fees for lawyers and technical experts), is expensive, public access to

decision-making by those unable to pay such costs has been severely limited (see

Emond in this volume).
I

At the Maple landfill site, north of Toronto, citizens expressed their opposi-

tion and fears of groundwater contamination to the Environmental Assessment Board

over a two year period. The Maple Citizen's Group sought $10,000. in funding from

the Ministry of the Environment to prepare detailed evidence of claims and to
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conduct their case. Their funding request was denied by both the Ministry and the
Environmental Assessment Board because funds could not be provided until a policy
for funding all participants had been devised. 9 The result was that the interests
of Maple residents were underrepresented at the technical proceedings while the
facility's proponents were able to pay experts to testify regarding the acceptabili-
ty of the land-fill site. The proponents were able to deduct such costs from taxes,
whereas local participants were obliged to pay costs directly without the benefit of

tax deductions.

Access to decision-making can also be limited by a lack of access to informa-
tion. The greatest portion of information relevant to most EIA's is collected by

governments at the tax-payer's expense and released only with the permission of the

Minister responsible for the agency or ministrv involved. In Ontario, there are no

established procedures for participants to obtain reports or information about a

particular case. The Minister of the Environment, at his discretion, may even with-
hold disclosure of an EIA or its supporting documents if it is deemed in the public
interest to do so. The lack of access to information has limited the ability of

participants to protect their interests or to compel government agencies to meet EIA
requirements. Such limitations on information prompted Rubin (1977) to conclude
that environmental and citizen's groups are almost powerless to commence private
court actions against governments appearing to fail in their duty, because partici-
pants can neither get the necessary information themselves nor force governments to

act. Thus, in both formal and informal ways, the original EIA requirement has not

been accepted intact by the political structure. Rather, it has been redirected to

meet new political demands, particularly for energy and waste management projects.

The context for EIA decisions, which has developed in Ontario and elsewhere,
is one in which the letter and the spirit of EIA requirement have been diluted in

order to take non-environmental interests into account. Goodenough (1983) indicated
that in California, the original EIA process which gave local governments a powerful
tool to protect environmental quality has been amended by the State to reduce pro-

ject delays and costs that have frequently occurred in practice. At present, an EIA
is required only for those proiects likely to have a significant impact, and exemp-
tions are now granted in California for specific projects although not for general
exemptions in the "public interest" such as those granted in Ontario. Similarly,
Susskind (1982) reports that strict application of the EIA process has not prevented
political pressures from being exerted by either proponents or opponents in many
states. Consequently, EIA statutes in several states (Massachusetts, Wisconsin)
have been amended to allow mediated negotiations to decide acceptable levels of

impact. Susskind describes this as a shift from an authoritarian to a negotiated
model of decision-making in which competing interests can be balanced against
environmental goals (see Grima, this volume).

a

In Ontario, the political context has moved in a similar direction. 10

However, unlike the American experience, legislative amendments have not been
necessary because of the discretionary powers and flexibility incorporated in the

initial act. At present, Canadian practice finds itself in the "post-problem" Stage
of Downs' cycle. Popular interest has waned. The institutions, programs and poli-
cies for EIA developed in the earlier euphoric period have been put in place. The
programs endure in the bureaucratic structure but in a changed form, and because of

selected application of the EIA requirement, only modest reductions in environmental
impacts are achieved.

^Recent attempts have been made in the Federal Environmental Assessment and Review
Process to consider funding for legitimate participants in federal environmental
hearings. Participant funding has not been widely considered at the provincial
level. See: Environment Canada 1980.

in the Speech from the Throne (May 15th, 1984) the Ontario government announced
its intention to develop environmental mediation methods to resolve environmental
disputes

.
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THE INSTITUTIONAL CONTEXT OF EIA

In a political context of waning public support for comprehensive environmen-
tal policies and increasing pressures to weaken the EIA requirement through exemp-
tion and negotiation, the institutions, policies, and programs created earlier
become the principal actors protecting environmental quality. As Downs suggests,
"these entities almost always persist and often have some impact even after public
attention has shifted elsewhere" (Downs 1972:41). However, the effectiveness of in-
stitutions such as the Ministry of the Environment and the Environmental Assessment
Board in Ontario are limited by their structure and power they possess.

Firstly, an institution's effectiveness is limited if its decisions are not
binding on all parties (O'Riordan 1979). This is a significant limitation in

Ontario because the decisions of the Environmental Assessment Board are not binding
on the Minister of the Environment. Rather, the EAB makes recommendations to the

Minister which can be accepted or rejected. The tendency in such an arrangement is

for the Board to make recommendations that are not likely to be rejected. For
example, in the proposed expansion of Uranium Mining at Elliot Lake, the Board
recommended approval of mining expansion, reasoning that in the short term, the
technology exists to carry out the expansion in an enviroment al ly acceptable manner,
even though the Board's report recognized that means do not yet exist to deal with
long-term or abandonment impacts of that facility. Rather than rejecting the pro-
ject, the Board recommended that considerable effort and research to find solutions
to the long-term waste management problems that would be created. H

In a similar fashion, the decisions of the Minister of the Environment are not
binding on Cabinet. The tendency of the Minister, therefore, is to make decisions
that are likely to meet the political needs of Cabinet. This has resulted in a

negotiated style of administration within the Ministry of the Environment. It has
been the practice, before pollution control orders are issued in Ontario, for MOE
officials and industry representatives to engage in closed negotiations, where
bargaining over existing environmental standards takes place. The INCO pollution
control order of 1978 was announced .after one year of closed negotiations and The
Reed Paper Control order for the Dryden Mill followed protracted meetings with MOE
officials. In this fashion, limitations on the power of environmental institutions
have altered the spirit of the EIA process in practice.

A second factor, limiting the effectiveness of EIA institutions at both
federal and provincial levels in protecting environmental quality, is the bias in-

herent in their composition. This has been particularly problematic in the composi-
tion of Environmental Assessment Boards, because public confidence in Board deci-
sions is not increased if Board members are drawn from the population being regu-
lated. For example, the Environmental Assessment Board in Ontario is typically
staffed by individuals drawn from government ministries, industry and commerce, and

does not usually include individuals with a public interest background or with
scholarly qualifications in the environmental sciences. The implication is that

inherent bias exists in the Board's composition and that industry and government
agency views are likely to prevail at Board hearings because of the natural
sympathies of board members.

A similar argument has been put forward by Lang (1981) regarding the composi-

tion of the Federal Environmental Assessment Review Panel. Lang suggested that

prior to the Eldorado Nuclear Case at Warman, Saskatchewan, federal Panels had been
staffed by members drawn from industry and government agencies. The Panel assembled
for the Eldorado Nuclear proposal, however, included individuals with

"environmental" qualifications and the outcome, "rejecting the proposal", was sub-

stantially different from preceding decisions. The Warman case illustrates the

degree to which bias can affect the actions of institutions responsible for admini-

stering the EIA process.

The Environmental Assessment Board's hearings on the Elliot Lake proposal were

not held under the terms of the Environmental Assessment Act but by Order-in-

Council. See: Environmental Assessment Board (1979).



POLITICAL AND INSTITUTIONAL CONTEXT OF EIA 85

Finally, the procedures and mechanisms which institutions create to carry out

their responsibilities are important factors in creating the institutional climate
for an EIA. In Ontario, the Environmenal Assessment Board has chosen formal proce-
dures for conducting hearings, much like a civil trial. Evidence is given formally
in question and answer form and is subject to cross-examination and parties are

represented by counsel.

Emond (1978) suggests that the formal hearing process meets the letter but not
the spirit of the EIA process by causing excessive cost and delay, by discriminating
against those who lack the resources to participate in formal proceedings, and by
intimidating those potential participants unfamiliar with courtroom practices. The
difference in effectiveness between formal and informal institutional proceedings is

best illustrated in the comparison between the National Energy Board's formal

hearings on the McKenzie Valley Pipeline proposal and Justice Berger's informal hea-
rings for the Department of Indian and Northern Affairs (Robinson 1980). Robinson
indicates that the National Energy Board's formal hearings lacked independence
because the Board participated in both proposng and reviewing the project. Also,
the hearings were not conducted in an open fashion because information possessed by
the Board was not made available to other participants. The lack of openness, high
cost of participation, and formality of proceedings created an institutional context
in which a vigorous examination of environmental impacts was not conducted.

The Berger Inquiry hearings were in sharp contrast. The Inquiry held hearings
in northern communities to reduce participation costs. Information and funds were
made available to participants and the proceedings were conducted in an informal
manner to encourage all potential participants to give evidence at the hearings.
The results of the two sets of hearings were as contradictory as the conduct of the

hearings. The NEB recommended construction of the pipeline while the Berger Inquiry
recommended a ten-year moratorium on pipeline development and study of the environ-
mental, economic, and social impacts of northern pipeline development.

While the Berger Inquiry is recognized as one of the most comprehensive and

carefully conducted environmental assessments in Canadian practice, its approach has

not been repeated in other major EIA's.

The institutional context which presently prevails at the federal and provin-
cial levels more closely resembles the formality of the NEB hearings. In this
climate, institutions lack the power and independence to pursue environmental goals
vigorously and, although EIA's are conducted routinelv, their impact is modest.

CONCLUSION: THE POLITICAL AND ECONOMIC ROLE OF EIA

EIA has, over the last decade, been rationalized within the existing political
and economic structure in Canada. It has been changed from an instrument of poten-
tial reform in public decision-making to a planning and procedural requirement in

the project approval process. This change has been accomplished in the absence of

strong popular support by political and economic actions that have shaped both the

political and institutional contexts in which EIA's are conducted.

The brief history of EIA practice suggests that the initial response to EIA by
economic and political actors was resistance, but over time the response has changed
to acceptance as political and institutional contexts reduced the threat of radical
change. This change from resistance to acceptance seems to have occurred in three
s teps :

1 . Resistance
2. Legal Avoidance
3. Incorporation.

The first response to EIA requirements by the economic and political sectors
was resistance. There were many attempts to contest the legal requirement or to

ignore it because EIA clearly threatened existing production processes and decision-
making practices (Lang 1979). For example, the Ministry of Transportation and
Communications in Ontario, which had long been in the business of constructing high-
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ways, was required by the EIA process to consider alternative forms of transporta-
tion, and alternatives to its own projects. It was in fact asked to devise ways of
curtailing its own activities. The MTC response in the early 1970's was one of

resistance, and it was not alone among many government agencies.

The second response was to seek legal means of avoiding the EIA requirement.
This was, in the late 1970's, a period of major requests for project exemptions, for

"Blanket" exemptions to eliminate duplication of effort, and the development of
"Class" EA's to assess routinely the common activities of government agencies.

However, while exemptions were being granted and Class EA's devised, suffi-
cient time elapsed for agencies to observe that EIA's could be performed in addition
to the conventional decision-making process, with little change in outcome. The
proponents discovered that they had developed competence in conducting EIA studies,
and in participating in the institutional activities (public hearings) that were
part of the EIA process. Consequently, their resistance changed to acceptance and
the EIA was incorporated in conventional planning process with little additional
opposition. As Quinn suggests:

for those who expected greater things in 1970, the realization must come
that EIA's will continue to be made at the discretion of governments and

not at the risk of interfering with political commitments; and that
governments are reluctant to experiment much further with "public
participation" as a means of determining the social acceptance of major
resource developments. (Quinn 1977:234)

In this light, EIA has not remained an instrument of environmental reform.
Rather, it has become a routine planning function employed to reduce conflicts
between environmental goals and political or economic interests.
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ATMOSPHERIC IMPACTS
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INTRODUCTION

This paper is intended to provide guidance with respect to the preparation and/

or review of the atmospheric component of environmental impact assessments (EIA's).

Some of the ideas have been discussed elsewhere (Munn 1983) but are elaborated here
in the Canadian context.

THE ATMOSPHERE

As suggested in Fig. 1, atmospheric processes are frequently subdivided for

convenience into three space scales: macro, meso and micro (large, medium and

small); and into four time scales: synoptic (1 to 6 hours), diurnal, annual and

climatological (10 years and longer). This is the conceptual framework within which
the atmospheric part of an EIA should be developed. However, three practical diffi-
culties should be mentioned:

1 . SPATIAL NON-UNIFORMITY

Meteorological theory is reasonably complete for large flat areas such

as the Canadian prairies. However, industrial developments are often
built in deep winding valleys or on sea coasts. Particularly in

Newfoundland and British Columbia, nearly every site has a unique meso-
climate.

Fig. 1. A conceptual framework for the atmospheric component of en EIA
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2.

TIME VARIABILITY:

Not only does the weather vary greatly from day to day but also from
decade to decade. Climatological means and frequency distributions are
usually given for 30-year periods but the climatology of successive
30-year intervals may be quite different. Because an EIA analysis is

based on historical weather observations, it may not represent condi-
tions to be expected over the lifetime of the structure to be built.

3.

EFFECTS OF THE DEVELOPMENT ON MICROCLIMATE AND, IN SOME CASES, MESOCLIMATE

A large industrial development will change the microclimate and may
affect the mesoclimate. This means that even if climatological observa-
tions were available from the proposed site, they would not necessarily
be representative of local conditions following construction.

THE ATMOSPHERIC ANALYSIS IN AN EIA

In practical terms, the meteorological assessor should begin by identifying
potential impacts^, and preparing an inventory of existing meteorological and air
quality data for the area of interest. Special attention should be given to the
representativeness of the observations for the applications envisaged. Wind roses
for an East-West canyon should not be applied to an adjacent North-South canyon, for

example, but there are many less obvious situations. (Is the wind rose for Gore Bay
Airport on Manitoulin Island representative of winds at Blind River?) What should
the assessor do in such cases? Four actions can be taken:

1. Demonstration by a sensitivity analysis that the likely error
induced by using a particular data set does not matter.

2. Development of a "synthetic" climatology in which adjustments are

made to historical data sets to account for topography, proximity
to large bodies of water, etc. The approach is rather qualitative
but it can be used in conjunction with a sensitivity analysis.

3. Establishment of additional weather observing and air quality
monitoring programs.

4. Examination in a wind tunnel of aerodynamic effects (plume down-

wash; wind channelling; etc.)

The following are the main classes of atmospheric impacts that should be
considered in an EIA. Depending on the type of development, some of the categories
may not need to be examined.

1. SAFETY AND RELATED CONSIDERATIONS

(a) Will structures collapse in heavy snow or ice storms?
(b) Will structures blow down in hurricane-force gales?

(c) Is the heating/cooling system adequate for temperature extremes?
(d) With respect to air pollution, have outlets from fume hoods and

short chimneys been designed to ensure that the air will not

re-enter the building through adjacent air intake shafts?
(e) Will the structure cause wind channelling, creating problems for

pedestrians?

1 As indicated in Fig. 1, the screening process for selecting potential atmospheric
impacts to be investigated should be based on both scientific considerations and

public perceptions of the main environmental issues involved.
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2. AIR POLLUTION

(a) During construction, will blowing dust create problems in the
surrounding area?

(b) During operation, will atmospheric emissions from the installation
cause ground-level concentrations to exceed air quality standards?

(c) During operation, will atmospheric emissions from the installation
cause point-of- impingement concentrations to exceed standards on

the upper floors of tall buildings and towers in the surrounding
area?

(d) Will the installation contribute significantly to regional acidic
precipitation?

(e) Is there a possibility of an accident, releasing toxic substances
to the atmosphere (chlorine, cyanide, ^S, etc.)?

3. NOISE

Noise is not usually included in the atmospheric part of EIA's.
However, the assessor should ensure that the topic is covered in some

other part of the document.

4. IMPAIRMENT OF THE USE OF THE ATMOSPHERE AS A RESOURCE

(a) Will neighbouring gardens, greenhouses and sunny rooms be shaded?
(b) Will scenic views be obstructed?

5. CLIMATE IMPACTS

What will be the impact of the development on microclimate and meso-
climate? (Examples: ice fog from cooling towers; increased/decreased
evapot ranspirat ion from flooded/drained lands; wind vortices in the wake
of large buildings.)

6. IMPACTS RELATED TO THE ATMOSPHERIC PART OF THE HYDROLOGICAL CYCLE

(a) For water reservoirs and hydroelectric dams, what
return periods of various precipitation amounts?

will be the

(b) For irrigation developments, what is the

to evapotranspirat ion?

likely loss in water due

(c) What is the impact of various forest
spring snow-melt and runoff?

management practices on

An example of the use of climate information in the management of the

Columbia River is given by Fleagle and Murphy (1981).

AN EXAMPLE: THE ATMOSPHERIC IMPACTS OF A COAL-FIRED POWER STATION

An hypothetical example, namely, a proposal to build a coal-fired power
station may help in providing a focus for the various ideas discussed above, (Munn
1984). The atmospheric assessment can be subdivided into 6 phases. (Phases 1 and 2

can proceed in parallel, as well as Phases 4 and 5.)

Phase 1 - Information gathering

Various kinds of information will be required:

1. Engineering design characteristics (megawatt output; type of coal
to be used, including sulphur content; chimney height, gas tempe-
rature and exit velocity; water coolant system; life expectancy of
the station)

.

Site characteristics (topography; proximity to bodies of water).
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3. Federal and provincial regulations (emission standards; air
quality standards; guidelines for dispersion calculations).

4. Inventories of meteorological data (from hourly weather observing
stations; daily climatological stations; twice-daily upper air
radiosonde stations; and special data sources).

5. Inventories of air quality data (from industrial, urban and rural
sites; for air concentrations of SO2 , N0X and suspended particu-
late matter; and for concentrations of NO^ -

and H+ in
precipit at ion)

.

Phase 2 - Defining the issues

The atmosphere-related impacts that need to be considered include the
following:

1. Air pollution (impacts on human health, vegetation and materials).

2. Acidic deposition (impacts on the biosphere due to wet and dry
deposition of acidic material).

3. Climate impacts.

4. Noise.

5. Ecological effects of high voltage transmission lines (not really
an atmospheric problem, but may be a major public concern).
(Check with other members of the EIA team to ensure that this
question is addressed by somebody.)

6. Safety considerations. (is the structure capable of withstanding
weather extremes, e.g. hurricanes, freezing rain storms, etc.?)

Other issues, if raised by the public. (These topics may be
identified through a social impact assessment.)

Phase 3 - Defining the mesocliraate
(

The meteorology of the area needs careful attention through studies of topo-
graphic maps and through inspections, not only of the proposed power station site,

but also of the locations of the meteorological observing stations identified in

1(4) above. How representative are the historical data?

The meteorological conditions most likely to cause high concentrations down-
wind of a tall chimney in the given terrain should be identified. These might
include conditions of;

1. limited mixing (because of a temperature inversion based a few

hundred meters above the top of the stack);

2. strong and steady winds;

3. fumigations due to the break-up of night-time radiation inver-

sions, and of inversions associated with daytime coastal sea-

breezes
;

4. light-wind daytime strong convective looping.

Efforts should be made to produce a site-specific description for each of these con-

ditions, inferred from the data available from the surrounding area. The assessor

should also try to estimate the frequency of occurrence of each of these problem

conditions, i.e. he should seek to produce a problem-specific synthetic climatology.
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Where a representative upper air-station is available, the vertical structure
of the atmosphere can be analysed, and frequency distributions obtained. If this is

not possible, wind roses from a representative surface station may be obtained,
separately by season and by day and night. (in the case of mesoscale wind fields,

there will usually be a wind direction reversal near sunset and shortLy after
sunrise, e.g. land and sea breezes, up-slope and down-slope valley winds. Separate
day and night wind roses will reveal these phenomena.)

Where current meteorological information is clearly deficient, field studies
may be warranted during periods likely to be associated with relatively high ground-
level pollution concentrations. These field programs might include balloon observa-
tions (minisondes) of temperature and surface wind measurements from 10 m towers.

For other types of impacts identified in Phase 2 above, different kinds of
meteorological analyses may be necessary.

Phase 4 - Estimating the pollution concentration field

As a first step, it is clearly necessary to estimate the background pollution
concentration fields prior to construction of the new power station, i.e., the
loading to which the emissions of the new power station must be added. If existing
information of air quality in the region is inadequate, two to three additional
monitoring stations should be established as soon as possible.

The next step is to select the mathematical formulations to be used in the

diffusion calculations of plume rise and downwind dispersion. Then for the atmo-
spheric situations that are likely to cause high ground-level concentrations,
dispersion calculations are undertaken and isopleths computed for an area that

encompasses and extends well beyond the point of maximum concentrations. Both
ground-level and elevated point-of- impingement values should be computed. Included
in the dispersion estimates, there should be estimates of their frequencies of
occurrence (obtained from the meteorological analysis discussed in Phase 3 above).
Sensitivity analyses should be undertaken to determine the range of values of the

output variables to be expected due to uncertainties in the input values.

Finally, the predicted concentrations (including the background component) are

compared with the air quality standards mandated for the region. If the standards
are exceeded, the planned emissions will need to be reduced or the location dropped
from the list of possible sites.

If mean annual air quality standards exist, it may be necessary to undertake
dispersion calculations not only for episodes but for all hours of a year. Usually,
the dispersion calculations are based on 5-10 years of weather observations from a

"representative" station. (Sometimes the representativeness of this station may be
hotly debated at a public hearing).

Phase 5 - Analysis of other atmospheric impacts

Acidic deposition is likely to be an issue, although a single power station
contributes only a very small fraction (1% or less)of the wet deposition falling on
the surrounding countryside. Nevertheless, estimates of wet and dry deposition
should be made, using appropriate formulae, based on a reasonable historical time
series of hourly observations of wind and precipitation; a 5 to 10 year period of
record would be appropriate.

Climate impacts are not likely to be significant in the case of coal-fired
power stations except possibly if a cooling-tower is proposed, in which case an
adjacent highway could be affected (fog impairing visibility; surface wetness or ice

causing slippery conditions).

Noise will be an issue only during construction. However, the EIA should not
overlook the problem.

Safety considerations are usually dealt with in the engineering design section
of an EIA. However, the atmospheric section should contain the basic climatological
statistics on extremes of temperature, wind and precipitation.
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Phase 6 - Recommendation for post-construction monitoring

As is widely recognized, EIA predictions should be checked following project
start-up. Thus it would be highly desirable for the EIA to include recommendations
on meteorological and air quality monitoring (types of sensors, locations, frequency
of measurement) that should be undertaken. For a smelter or gas-purifying plant,

for example, an anemometer would be useful in deciding whether the plant was to

blame if there were complaints of odour and/or vegetation damage. In some applica-
tions, a much more extensive monitoring program may be required, particularly in

complex terrain or in cases where hazardous chemicals such as fluorides may be

released into the atmosphere.

CONCLUSION

The most difficult decision to be made by an assessor or reviewer is whether
to draw in a specialist or to accept conventional wisdom as given in engineering
handbooks. In some cases, the amount of money spent on field studies is clearly
excessive. In other cases, the money spent on computer programming far exceeds the
assessor's understanding of atmospheric processes. In this connection, it would be

useful if Canadian meteorologists (through a body such as the Canadian Meteorolo-
gical and Oceanographic Society) developed a set of guidelines for good engineering
practice with respect to the atmospheric part of EIAs.
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INTRODUCTION

Hydrologic systems are large and complex. They involve the natural systems
provided by the Earth and its atmosphere as well as both man's alterations of the

natural systems of air, land and water and man's additions to the natural systems in

the form of structures and management policies. In the practice of environmental
impact assessment, there is concern for predicting the behaviour of the hydrologic
system

(a) without interference by man;

(b) with modification to the natural system (e.g. changes in land use);

(c) with structural additions (e.g. drainage pipes, paved surfaces,
channelization, storage reservoirs, etc.);

(d) under different management or operating policies for both the

natural systems and the structural elements (e.g. release policies
from reservoirs, lake level control, etc.).

In general, man's impacts on the hydrological system may be categorized accor-
ding to the diagram in Fig. 1. Although all hydrologic processes are affected by
man's activities in some measure (such as evaporation and changes in the water
balance that result), the major processes addressed in this section are those of

runoff and infiltration. The issue of infiltration is one concerning the ground
water balance, the height of the ground water table and the yield available from
aquifers .This issue has both quantity and quality dimensions. Typically, industra-
lization and urbanization have altered the hydrologic system to favour increased
runoff quantities and decreased infiltration resulting in lower water tables and

decreased yield in ground water supply. Additionally, the chemical character of

infiltrated water has been altered, two examples of which are leachates from waste
disposal sites and infiltration carrying road de-icing compounds.

The issue of runoff is considered to be of paramount importance and involves
changes in the volume and rate of runoff and changes in the quality of runoff in

terms of suspended and dissolved constituents and pathogenic organisms. Practice
has tended to distinguish between runoff problems in urban and rural areas both of

which have quantity and quality dimensions. Practice has also adopted the conven-
tion of referring to polluted waters originating from rainfall and snowmelt runoff
as nonpoint sources of pollution whether these waters are conveyed by pipes and

Fig. 1 Classification of hydrologic impacts
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channels or by overland flow. Furthermore, the term stormwater management has been
adopted to describe the activity of runoff quantity and quality control.

The above categorization of hydrologic impacts is followed in this paper. It

begins with a discussion of the hydrologic cycle and the hydrologic budget. Since
predictions of hydrologic impacts are made with the use of mathematical models, a

discussion of hydrologic modelling follows. Next is presented discussions on urban
runoff and rural runoff problems and their mitigation. In each case the general
quantity and quality issues are examined and the hydrologic models used in each case
are explored in more detail. Canadian experience in urban and rural stormwater
management is then reviewed. Finally, research trends are examined in general and

Canadian research is examined in particular.

THE HYDROLOGIC CYCLE AND THE HYDROLOGIC BUDGET

Although the concept of the hydrologic cycle is almost universally understood
today, it has eluded our greatest philosophers and natural scientists for centuries
(e.g. see Biswas 1972). The concept of the hydrologic cycle is simple in general;
however, the large number of processes involved in the cycle, together with their
complexity and the fact that the processes are spatially distributed and time
variable, render a detailed, quantitative understanding of the hydrologic cycle
difficult

.

The hydrologic cycle is described in terms of a hydrologic system which in

turn is defined by the practitioner. At the most macroscopic level, the hydrologic
system is a closed one composed of Earth's mantle and atmosphere and encompasses
every molecule of water on the planet. At less macroscopic levels, the hydrologic
systems are open systems defined, for example, by a river basin, a small catchment
within the basin, or a reservoir on a river. The closed hydrologic system has no
beginning or end, all processes are interconnected. On the other hand, the open
hydrologic system has system boundaries, across which there are inputs and outputs.

A general illustration of a hydrologic system is presented in Fig. 2. The
major hydrologic processes involved in the cycle are listed below:

Precipitation (rain, snow, glaze, sleet, hail, etc.);
Snow pack accumulation;
Snow melt;
Interception, throughfall, stemflow (vegetation, structures, etc.);
Depression (retention) storage (pot holes, marshes, lakes, etc.);
Detention storage (all land surfaces, rivers, lakes, etc.);
Surface runoff;
Interflow;
Streamflow (surface runoff, interflow, base flow);

Infiltration;
Percolation;
Groundwater flow;

Soil moisture storage (unsaturated zone);

Groundwater storage (saturated zone);

Evaporat ion;

Transportation;
Atmospheric moisture storage.

For a detailed description of these hydrologic processes, any standard refe-

rence on hydrology may be consulted (e.g. Viessman £t_ aK 1977; Gray 1970; Ward

1975; Linsley et al. 1949; 1975; Meinzer 1942; Bruce and Clark 1966; etc.). In a

closed hydrologic system, all of the hydrologic processes act in such a way that the

mass of water (in all forms in the system) is essentially constant, although driven
by the sun they are dynamic. In an open hydrologic system (Fig. 3) where the

boundaries are defined by the analyst, there is both flow across the boundaries and

a change of mass within the system; however, the system will always obey the law of

conservation of mass or continuity equation. A simple example of the continuity is

provided by a reservoir on a stream. The runoff into the reservoir (R) and precipi-

tation on the reservoir (P)
,

are the inputs crossing the boundary while the outflow
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(Q), seepage (S)
,

and evaporation (E) from the reservoir are the system outputs.

Within intervals of time, the inputs and outputs are changing; hence, a change in

the content (S) of the reservoir (mass of water) will result. This is expressed

algebraically as follows:

Inputs - Outputs = change in storage with time

(R + P) - (Q + S + E) = dS/dt (1)

I - 0 = dS/dt

The above equation is known as the hydrologic budget equation and is an essen-

tial concept in hydrologic modelling. Like the hydrologic cycle, the hydrologic

budget equation which it describes, is simple in concept. The practical difficul-

ties of modelling are realized when it is considered that a hydrologic system may

include many of the individual hydrologic processes contained in the above list,

with changes over every square meter of the Earth's surface and that these processes

change from one minute to the next. Thus, modelling of hydrologic systems is a

formidable task. These difficulties are only overcome by the art and judgement of

the analyst through his definition of the hydrologic system of interest and the

assumptions made regarding the significant hydrologic processes contained therein.

The art presents itself in capturing enough detail of the hydrologic system to

render the description of it adequate to the purposes of the study but at the same
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time avoiding detail that has little influence on the adequacy of the model,
assumptions fall into the following categories:

(a)

(b)

(c)

(d)

the location of the boundaries of the hydrologic system;
the selection of the hydrologic processes that are significant to

the problem;
the determination
change, and

of the spatial scale over which the processes

the determination
change.

of the temporal scale over which the processes

Fig. 3 An example of an open hydrologic system (from Urban Drainage Policy
Implementation Committee 1982)

Such
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Ultimately, the adequacy of a hydrologic model for a particular problem will
depend on the coherence between the assumptions of the model in the above categories
and the nature of the problem at hand. It is thus clear why general-purpose hydro-
logic models are difficult to attain. An example of a comprehensive hydrologic
model is the Stanford Watershed Model (Crawford and Linsley 1966). Such a model,
although complex and comprehensive, is not a general-purpose model in the sense

that

:

(a) its complexities may not be warranted by simpler problems or more
specific watersheds, and

(b) the data required to support such a model may not be available.

It is thus concluded that a major problem in predicting hydrologic impacts resides
in the selection of appropriate hydrologic models suitable to the scale and nature
of the required analysis.

HYDROLOGIC MODELLING

The term "modelling" or "mathematical modelling" often conjures up notions of

an arcane science practiced by engineers or scientists in concert with their compu-
ter sciencist friends. This is an unfortunate misrepresentation. By definition, a

model is a simplification or abstraction of nature. It is a representation of

complex phenomena by more simple algebraic analogs. Although a mathematical model
may be more or less complex, it is always less complex than the phenomenon it is

describing. Equation 1 above is a mathematical model which is relatively simple but

which can be made relatively complex. In any case, a hydrologic model is construc-
ted and operated to predict the performance (or impact) of a hydrologic system (with
or without interference by man). This prediction determines two characteristics:

(a) the MAGNITUDE of an occurrence (e.g. runoff rate, runoff volume,
peak flood flow, lake elevation, ground water table depth, pollu-
tant concentration, etc.), and

(b) the FREQUENCY with which these magnitudes occur (once on average
every 2 years, 5 years, 10 years, 50 years, 100 years, etc.).

A major practical problem in hydrologic studies is that measurements at locations
where assessments are necessary are not generally available. Thus, a large part of

hydrologic analysis is synthesizing and transferring information.

In general, there are four categories of approaches to hydrologic analysis:
Statistical analysis of historical records
Extension of historical records
Transfer of records
Hydrological modelling.

When historical records of measurements on the hydrologic parameters of concern are
both available and of sufficient length, a straightforward statistical analysis may
be performed. When records exist but their length is not sufficient for a meaning-
ful statitical analysis, these records may be extended by:

(a) fitting extreme value probability distributions to the records; or
(b) constructing statistical simulation models with the statistical

parameters of the record.

When records do not exist at the location of interest but do exist at another loca-
tion with similar climate and geography, data may be transferred from where they
exist to where they do not by appropriate scaling. The above approaches are appro-
priate only where records exist. (For a detailed discussion of these approaches,
see Viessman et_ aK 1977; Chow 1964; Fiering 1967; Kite 1977; Yevjevich 1972a; b.)
Even in locations where records do exist, proposed modifications to hydrologic
systems cannot be assessed by the above approaches. Thus, the fourth approach of

hydrologic modelling continues to be the focus of much attention.

Hydrologic modelling, as discussed above, consists of defining a system boun-
dary, deciding on the hydrologic processes to be included in the model, describing
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the hydrologic processes mathematically, including parameter values, deciding on the

spatial distribution of parameter values, describing the dynamics of the hydrologic
processes on an adequate time scale and, finally, linking the hydrologic processes
together by continuity equations. The model is generally operated on a computer,
thus requiring coding. The code is tested and the model parameters are calibrated
with some "real data". Final verification of the model is then performed with an-
other set of real data. At this stage the model is ready to "run" on the computer.
In order to run a computer simulation model (simulating processes in real time), it

is necessary to "drive" the model with real-time data. Typically, hydrologic models
are driven by real-time rainfall data (available from the Atmospheric Environment
Service, or other sources). Alternatives are compared by changing parameters in the
model. Each time the parameter set is changed, the simulation model requires rerun-
ning. The output from each run describes the performance or impact of each alterna-
tive that is assessed.

EVENT SIMULATION

The assessment of hydrologic impacts is often based on a single event or set

of events which are referred to as "design events". An example is provided by the
practice followed by many conservation authorities in Ontario today, whereby the

authority declares that any new land development must not exacerbate flooding in

channels draining the area in which the proposed development takes place. The
design event may be specified by its frequency or return period (for example, the

100-year return period event). The implicit assumption is that a 100-year return
period storm will generate a 100-year flood. Thus, the flood hydrographs for the
100-year storm are generated for predevelopment and postdevelopment conditions of

the catchment and postdevelopment flooding conditions must not be worse than the

predevelopment condition. In some cases, additional design events are specified
(such as the 20-year and 5-year storms) in which case all three post-development
conditions must be no worse than predevelopment conditions. The procedure followed
by event simulation is illustrated in Fig. 4.

Hydrologic model

Trans formation

Fig. 4. Event simulation procedure

There are several shortcomings of this approach. Firstly, only one event, or

a small set of events, is analysed. Thus, the performance of the hydrologic system
is known only at one point or at a small set of points. Secondly, event simulation
assumes that the frequency of the output is identical to the frequency of the input.

That this is not true is well known, the most obvious reason for which is that the

design storm employs more-or-less arbitrary antecedent conditions of the catchment.
Thirdly, the design storm does not have a unique frequency. Only the characteris-
tics of the storm (such as its intensity, duration, volume) have unique frequencies.
A historic synthetic design storm will have a certain frequency of intensity-
duration combination but a different frequency of the volume. Simply, there is no

such thing as a 100-year storm (Adams £t_ jiK 1983).



PREDICTING HYDROLOGICAL IMPACTS 101

CONTINUOUS SIMULATION

Continuous hydrologic simulation models may very closely resemble event simu-
lation models with the exception that continuous models do not simulate a single
storm event; rather, they simulate the effects of a long-term record of precipita-
tion. A continuous simulation model is driven by a continuous precipitation record
of 10, 20, 30 years or even longer. All wet and dry periods of the record are

incorporated; thus, the interrelationships between successive storms are considered.

The output is, in turn, a long term record of hydrographs. A frequency analysis may
then be performed on this output. This procedure alleviates the above noted short-
coming of event simulation; however, continuous simulation has its own shortcoming.
Firstly, the continuous simulation model typically employs a much coarser time step
in calculations than does the event model (e.g. 1 hr versus 1 min.). This results
in less accurate calculations. Secondly, the continuous simulation tends to be more
expensive computationally because of the greater volume of calculation performed.
Thirdly, the "climatology" of the next 30 years may differ from that of the last 30

years

.

URBAN RUNOFF

Many of man's earliest cities were serviced by sewers. For example, archeolo-
gic excavations of cities in the Indus River basin (Harappa, Mohenj o-Daro) and the

Tigris River basin (Ur), reveal the utilization of drainage conduits as far back as

possibly 3500 B.C. The Romans were great builders of aquaducts, sewers, roads and

bridges. The great sewer (cloaca maxima) built to drain the forum in Rome is still

in use today. Across the millenia, the practice of sewerage or drainage followed
essentially the same philosophy. That is, sewers and drains were built to drain the

runoff from stormwater only. So strictly was this practice followed that in Roman
times, laws were enacted to prohibit specifically the entry of anything but rain-
water into the sewer systems. Thus, sewers were put in place for reasons of conve-
nience - to minimize the detention of water on roadways in wet weather. Human and

domestic wastes were managed by the so-called "dry-carriage" system whereby heaps of

"night soil" were accumulated outside dwellings to be carried away by the "honey
wagon" at night. This sewerage philosophy was practiced until well into the 19th
century. The increased urban populations and resulting congestion following the era
of industrialization in Europe caused the dry-carriage system to break down. Night
soil removal could not keep pace. The accumulation of human and domestic waste in

cities increased the transmission of communicable diseases (particularly typhoid and

cholera) through a variety of mechanisms: increased human contact with waste,
increased opportunity for vector contact and fecal pollution of local groundwaters
which acted as a common source of domestic water supply. The resulting epidemics in
cities such as London and Paris in the 1840 's and 1850's were of such magnitude that
action was demanded. An expedient solution to the accumulation of night soil in the

city was to allow the discharge of human wastes into the hitherto exclusively storm-
water drains. This was the birth of the "combined sewer" or the "wet-carriage"
system. The existing storm sewers were converted to combined sewers and new sewers
were designed to act as combined sewers. This practice was also followed in North
America.

Since the combined sewer arose as an ad hoc solution to a pressing problem, it

is not surprising that it would have problems of its own. The storm sewers conver-
ted to combined sewers discharged their bounty directly to local water courses. As

a storm sewer, this practice was reasonable in as much as the sewer conveyed essen-
tially rainwater to a hydrologic system that would have received it anyway. As a

combined sewer, the wet-carriage system delivered human and domestic wastes directly
to watercourses - a less reasonable proposition. Soon, gross water pollution left
receiving waters anaerobic and foul. So foul in fact was the stench from the River
Thames that it is known to have closed a sitting of the House of Parliament in

Westminster in the last century. Only in the past decade have fish reappeared in
the Thames at London. It soon became clear that treatment of combined sewage before
discharge to watercourses was necessary. The implementation of sewage treatment was
confounded by the fact that the typical city had dozens of combined sewer outfalls
(pipes entering watercourses). It was impractical to locate a sewage treatment
plant at each and every combined sewer outfall, particularly considering that many
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outfalls are located in the city core; thus began a need to centralize the sewage
from many outfalls to downstream locations. This was effected by building inter-
ceptor pipes which "intercepted" the sewage at each outfall and conveyed it to a

centralized location where treatment was practised.

There are practical difficulties with sizing the interceptor pipe. Ideally,
at any location along the interceptor, its capacity would equal the sum of the capa-
cities of the combined sewers upstream of that location. However, such a procedure
would result in enormous interceptor pipe size and, considering the typically long
length of the interceptor, would result in a prohibitively expensive proposition.
The reason for this large interceptor capacity requirement (if the interceptor capa-
city equals the sum of the combined sewer capacity upstream) lies in the fact that

each combined sewer is designed for not only the domestic sewage flow (dry weather
flow or DWF) but also the wet weather flow (WWF) from relatively large magnitude
storms. The WWF may be as much as two orders of magnitude larger than the DWF.
Thus, the above policy would result in both enormous interceptors and enormous
treatment plants. Therefore, decisions were made to size the interceptor for some
multiple of the DWF of the combined sewers that it drained. Typically, the inter-
ceptor size is in the range of 2-3 DWF. Whenever WWF in the combined sewer exceeds
the diversion capacity to the inceptor, the excess flow is "overflowed" through the
outfall to the water course. These "combined sewer overflows" (CSO's) are them-
selves a significant source of water pollution. An additional problem of combined
sewers arises from the direct connection of interior building plumbing to the
combined sewer. The lowest connection is usually the basement floor drain. When
storm conditions cause the hydraulic capacity of the combined sewer to be exceeded,
the sewer becomes surcharged ; that is, the pipe comes under hydraulic presssure. If

the pressure is great enough, the flow may be reversed - from the sewer to the
basement floor drain - causing backups.

Although the practice of combined sewerage was continued until the mid-20th
century, the problems of combined sewer overflows and sewer backup led to the

practice of sewer separation. This system employs two pipes rather than one as in

the combined sewer system. One pipe , transport s only the domestic, commercial and

industrial wastes (the sanitary sewer) while the other pipe transmits only drainage
originating from stormwater (the storm sewer). This system was advocated by Edwin
Chadwick in England a century earlier who coined the phrase "the rain to the rivers,
the sewage to the soil". On the surface, the separate sewer system appears eminent-
ly reasonable. The highly polluted sanitary sewage is contained in one pipe system
and undergoes full treatment, while the relatively pure stormwater is contained in

another pipe system and is discharged untreated to a local watercourse .Additionally

,

sewer backups are eliminated because the building floor drains are reconnected to a

sewer that, theoretically, may not be surcharged.

Unfortunately, this idyllic performance of separate sewer systems is not
realized. One problem of the sanitary sewer system is that stormwater often finds

its way into the system from illegal connections (extraneous flows) and from cracks
in the sewer pipe, leaks in manhole covers, etc. ( inf iltration/inf low. The writer
has measured extraneous flows in sanitary sewers as high as 10- x DWF. This may
cause surcharging in the sanitary sewers leading to sanitary sewer backups and sani-

tary sewer overflows. A major problem of the storm sewer system is that urban
stormwater runoff has been proven to be relatively contaminated by suspended materi-
als, dissolved constituents and pathogens. Among the dissolved constituents of

stormwater runoff are heavy metals and toxic organic compounds. Water pollution
from storm sewer overflows (SSO's) is estimated to be of the same order of magnitude
as the effluents from secondary treatment plants. Thus, further treatment of sani-

tary sewage beyond the secondary stage appears unwarranted if the problem of SSO's

is not addressed. Treatment of storm-water runoff encounters quantities of waste-

water of varying quality over short periods of time on an intermittent basis.

URBAN RUNOFF CONTROL MEASURES

The above discussion represents the state of urban drainage today. The older

parts of urban drainage networks are typically combined sewers with problems of

combined sewer overflows and sewer backups, while the newer parts of the networks
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are separated sewer systems with problems of storm sewer overflows and extraneous

sanitary sewer flows. A variety of partial solutions to these problems has been
proposed in the past two decades and some have been implemented with varying degrees

of success. These measures are discussed below.

OUTFALL TREATMENT

Problems of combined and storm sewer oveflows may be theoretically eliminated
by outfall treatment. In this case, an outfall treatment device is located at each

and every outfall. It must be small in size and capable of treating large volumes
of wastewater of varying quality over short periods of time on an intermittent basis
at reasonable cost. The difficulty of designing a device under such constraints is

clear. The outfall treatment devices that have been proposed are as follows:

Physical /chemical treatment alternatives
sedimentation and chemical clarification
solids concentration and flow regulation

(swirl concentrator/ flow regulator)
screening
dissolved air flotation
high rate infiltration
magnetic separation
carbon adsorption
combinations of the above

Biological treatment alternatives
contact stabilization
trickling filters
rotating biological contactors
lagoons

Land treatment alternatives
wetlands
rapid infiltration
overland flow

Disinfection
sodium hypochlorite (NaOCl)
ozone (O 3 )

chlorine gas (

C

1

2

)

chlorine dioxide (CIO2 )

All of the above treatment alternatives have been practiced at some scale in

North America or elsewhere (for a summary of experiences
, see Lager et al. 1977).

Although some treatment alternatives provide high levels of pollutant removal,
problems remain with cost, reliability, operating a highly distributed treatment
system and site constraints. It is unlikely that outfall treatment will become a

widely practiced alternative. Rather, it would be used in specific situations where
the constraints warrant it.

INCREASED INTERCEPTOR CAPACITY

One of the disadvantages of combined sewer outfall treatment is that numerous
outfall treatment units do not capitalize on the economy of scale available in

treatment. Although centralized wastewater treatment takes advantages of economies
of scale, it requires interceptor piping for centralization. Theoretically, increa-
sing the interceptor capacity reduces the frequency and magnitude of CSO's; however,
even modestly large increases in interceptor pipe size only marginally reduce the
CSO problem. As a result, this alternative is often not cost-effective. Increasing
interceptor sewer capacity or provding additional relief sewers has been used to

alleviate combined sewer back-up problems.

IN-SYSTEM STORAGE AND REAL-TIME CONTROL

Rainfall on an urban catchment occurs with spatially varying intensity. As a

result, the flows in combined sewers may be at or above capacity in some locations
and below capacity in others. In-system storage is a combined sewer operation stra-
tegy whereby flow is directed from sections of high flow to sections of low flow.
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where the flow is temporarily stored or detained in the system. This operation
strategy requires both the ability to control and direct flows in the sewer system
and the knowledge of what flow levels exist in all parts of the system and what the
rainfall intensities are in all parts of the catchment in real-time. Control of
flows is achieved by gates, dams, diversion regulators, etc., while knowledge of the
state of the system is gained from flow, level and rain sensors. This strategy
requires detailed models of the system together with algorithms that direct control
actions. Real-time control does not reduce the volume of combined sewage in a sys-
tem but rather changes the distribution of this volume at the sewer outfall in time.
The purpose is to deliver flows to the outfall at a rate compatible with the inter-
ceptor capacity, resulting in greater volumes of combined sewage passing through the
interceptor and smaller volumes of overflows. This strategy has been employed or
studied in several United States cities such as Cleveland, Minneapolis, Detroit,
Seattle and San Francisco. Some real-time control facilities have been included in
the design of the mid-Toronto interceptor (see Hogarth 1977).

In-system storage and real-time control of combined sewer systems offer poten-
tial for significant reduction in combined sewer overflows (see Bedrosyan 1976;
Labadie et al . 1975).

SOURCE CONTROLS

The magnitude of pollution from SSO's and CSO's may be reduced by so-called
source controls whereby the mass of pollutants in sewage is reduced before times of
overflow. Land use control may affect both the deposition of pollutants on an urban
catchment and the wash-off of pollutants. These controls may be particularly
effective for controlling erodable sediments and micro-contaminants such as lead

from automobile exhaust. Street sweeping may be effective for reducing the mass of

dirt and dust removed from the catchment by stormwater runoff. Where catch-basins
are installed in sewer systems, regular cleaning may help to reduce pollutant masses
entering the sewer system. Combined sewers often experience deposition of solids
during periods of low flows in dry weather. Subsequent storms will cause increased
flows with high velocities which tend to scour these deposits and carry them to

overflow. This phenomenon is termed the "first flush". The first flush may be

mitigated by flushing sewers at a controlled rate during dry weather. This practice
requires knowledge of how the system operates to exercise the proper control of
flushing so that overflows are not artificially induced. Finally, flow reduction
techniques may be implemented to reduce overflows. Flow reduction has concentrated
on reducing quantities of extraneous flows and inf iltration/inf low into sewer
systems. Source controls may offer a partial, but by no means complete, solution to

the sewer overflow problem.

OFF-LINE STORAGE

The final strategy for urban runoff control, discussed here, is that of off-

line or off-system storage. The strategy is similar to that of in-system storage in

as much as the purpose is to alter the time distribution of runoff volumes and not

the total volume of runoff. This is accomplished by diverting high flows from the

sewer system to a detention facility which is off-line. The detention facility may

be an underground chamber or reservoir or a surface reservoir or pond. In either
case, the detention facility converts a highly-peaked inflow hydrograph to a more
uniform outflow hydrograph. The attendant reduction in peak flow reduces the like-

lihood of surcharge in the sewer system and overflows from the system. An additio-
nal benefit of an off-line storage reservoir is that it may act as a treament

device. Suspended solids in the inflow are removed to some extent by sedimentation
in the reservoir. Exposure to sunlight and the atmosphere may also cause reduction
of pathogens in the wastewater.

An additional form of off-line storage may be provided by retarding the rate

of runoff before it enters the sewer system "on-site". This may be accomplished by

grading land to cause a circuitous flow path, by incorporating shallow ditches or

swales to transport runoff rather than permitting direct entry to the sewer system
and by restricting the capacity of gutter inlets to sewer systems by backing-up flow

in the roadway. These methods of retarding runoff may also be used to decrease the

total volume of runoff (in addition to decreasing the rate of runoff) by increasing

the opportunity for infiltration.
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URBAN RUNOFF MODELS

From the above discussion, it is clear that many structural and management
alternatives exist for controlling the urban hydrologic cycle. It is therefore
essential that such alternatives be evaluated in a manner that considers the detai-
led performance of alternatives. The performance measurements are made with respect
to both the quantity and quality dimensions of hydrologic impacts. An example of

the variety of these impacts is given below.

Runoff Quantity Impacts
Peak rate of runoff at any point in the catchment or channel on an event or

annual frequency basis.

Volume of runoff at any point in the catchment or channel on an event or

annual frequency basis.

Volume of runoff conveyed in a controlled manner.
Volume of runoff conveyed in an uncontrolled manner.
Percentage of runoff controlled.
Frequency of spills or uncontrolled conveyance.
Frequency of surcharging pipes in the system.

Etc.

Runoff Quality Impacts
Peak rate of pollutant discharge in overflows.
Mass of pollutants removed by treatment alternatives.
Mass of pollutants lost in overflows.
Percentage of pollutant mass controlled.
Etc

.

Infiltration Quantity Impacts
Volume of filtration over the catchment on an event or annual basis.

Infiltration Quality Impacts
Pollutant mass conveyed by infiltration on an event or annual basis.

It is evident from the above that urban runoff models must be capable of

predicting a variety of hydrologic impacts. It is therefore not surprising that

many computer models have been developed to predict these impacts. The following
discussion deals with three major catergories of such models.

1. event simulation models;
2. continuous simulation models; and

3. continuous analytical models.

SIMULATION MODEL FEATURES

Both event and continuous simulation models may be categorized according to
the features they employ. These features are listed below.

1. Rainfall
Some models accept only a single trace of rainfall over time. This
trace or hyetograph is assumed to apply uniformly in space over a catch-
ment. In reality, rainfall rates vary in space at any given time. To
accommodate this reality, many models allow for different hyetographs
to be applied over different subcatchments, thus simulating the effects
of a non-uniform storm pattern.

2. Snowmelt
Critical hydrologic conditions often occur in Canada during times of

snowmelt. An additional feature of some simulation models is the

inclusion of a temperature trace in addition to the precipitation
trace. According to these records, a snowpack may be accumulated and

melted successively. The calculated snowmelt hyetograph may then be

combined with that for rainfall to simulate their combined effects.
When water quality is simulated, it is also necessary to describe
snowmelt quality in the model.
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3 . Catchment
The urban catchment may be described as one single unit or the catchment
may be divided into smaller, more homogeneous subcatchments. In the
latter case, runoff hydrographs are simulated for each of the subcatch-
ments and are later combined. Most models have this ability which is

essential for event simulation, particularly. This feature allows for a

more detailed description of the catchment.

4. Abstractions
Hydrologic abstractions or losses are the difference between the rain-
fall and runoff volumes. For urban catchments these losses are predomi-
nantly depression storage and infiltration, both of which are affected
by antecedent moisture conditions. Ideally, a water balance between
storms should be performed to account for antecedent conditions. Event
simulations normally require the user to specify antecedent conditions
either by a general category or by specific parameter values in the
depression storage and infiltration relationships.

5 . Overland flow
Overland flow may be calculated as a steady state peak flow for a given
time interval or as a wave. Most models calculate overland flow for

pervious or impervious areas separately to distinguish between their
different characteristics.

6. Pipe/channel routing
The hydrographs of overland flow enter pipes or channels at various
points along their length. These hydrographs produce waves which are

translated down the pipe or channel. As the wave progresses downstream,
it is attenuated. This attenuation is calculated by a process known as

routing which is usually performed with dynamic wave equations. Up-

stream hydrographs are routed downstream to point of local inflow. At

these points the routed upstream hydrograph is added to the local inflow
hydrographs. These combined hydrographs are, in turn, routed further
downstream to the next point of local inflow where the process is repea-
ted until the most downstream location is reached. In the case of pipe
flow, it is possible that surcharging may be encountered and the pipe
then flows under pressure. The more complicated issue of routing
through surcharged pipes is addressed by only some models.

7. Facilities simulation
A system of sewer pipes often incorporates facilities such as diver-
sions, control devices (gates, weirs, etc.), pumping stations and

storage and treatment devices. These facilities greatly affect the

movement and control of water and hence require simulation. The more
sophisticated models allow the user to simulate these facilities while

the simpler models do not.

8. Runoff quality
In addition to generating hydrographs of runoff, some models attempt to

generate so-called pol lutographs (concentration versus time) of water
quality constituents. The usual approach is to describe the rate of

dirt and dust accumulation over the time between storms and events.

When the storm occurs, the dirt and dust is washed off the catchment
according to the intensity and duration of the storm. The rate and mass

of pollutant wash-off is then used to construct pol lutographs of the

various constituents. As with the runoff hydrographs, the pol lutographs

may be routed downstream and added to local inflow pol lutographs

.

Together the hydrograph and pollutograph provide the mass of a consti-

tuent discharged over time. The individual constituent concentrations
are usually determined by assuming them to be some known fraction of the

dirt and dust. The most commonly modelled constituents are biochemical

oxygen demand, suspended solids, organic nitrogen and total phosphorus.

Attempts have also been made at including heavy metals and coliform

organisms. It is generally recognized that there are many uncertainties
in the estimation of runoff quality parameters in these models.
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9. Receiving water quality
The pol lutogr aphs generated above may be discharged directly to recei-
ving waters or they may be altered by storage, treatment or diversion
before discharge. In either case, the discharge will impact on the
quality of the receiving water. An additional feature of some models is

a subroutine for calculating receiving water quality impacts. Again, it

is generally recognized that these subroutines have less reliability in
prediction than do their hydraulic counterparts.

1 0 . Comput at ions
Since urban runoff models simulate a dynamic process in time, calcula-
tions must be made at sequential intervals in time. Generally, the

smaller the time interval, and hence the larger the number of calcula-
tions and the greater the computational burden, the more accurate the
simulation. Therefore, it is necessary to trade off the required accu-

racy against the computational burden. Some models provide for a user-
specified time-step which allows for greater flexibility in applying the
model. Generally, a coarser time-step is used in event simulation.
Models incorporating sophisticated features such as surcharged pipe
routing will usually require finer time steps for calculations.

11. Analysis versus design
Most urban runoff models analyse the performance of a specified catch-
ment which includes the configuration and size of the drainage system.
It is usually the objective of design to determine this configuration
and sizing. The use of an analysis program in design is, therefore,
iterative with initial design analysed, modified, re-analysed and

remodified as necessary. Some models also operate in a design model
whereby the model itself will employ some design rules to select facili-
ty sizes. Such design models necessarily use rather simplified rules
for facility sizing and, therefore, must be employed with caution.

12. Output
The output from computer models can become unmanageable since it is

possible to display vast quantities of information. It is, therefore,
necessary for the user to make decisions regarding the volume and style
of output that is most beneficial. For example, upstream hydrographs
and pollutographs may not be required and only the downstream graphs may
be requested. In continuous simulation, details of all events may not

be necessary, rather a statistical summary of all events may be more
useful. Additionally, information can be displayed in tabular or
graphical form. Models which allow the user to specify the model output
format are hence more desirable.

SIMULATION MODEL COMPARISON

Given the above features of urban runoff simulation models, it is instructive
to compare these features for various available models. This exercise has been
conducted several times previously (for example, see Torno 1975; MacLaren Ltd. 1975;
Brandstetter 1976; Perks 1978). A typical comparison of features (Perks 1978) is

given in Table 1. The 25 models listed are a major subset of available models. It

is clear from Table 1 that although each model has some unique characteristics,
there is considerable redundancy. As a result, a smaller group of models has gained
popularity such as SWMM (IJ.S. EPA, Version 3, 1981), STORM (U.S. Army Corps of

Engineers, 1976) and ILLUDAS (Terstriep and Stall, 1974).

In addition to the features of these simulation models, their accuracy in

prediction relative to actual measurements has also been extensively compared.
Typically, the runoff volumes, peak flow rates and times to peak are compared.
Favourable comparisons with recorded data are often reported; for example, see

MacLaren Ltd. (1975), Proctor and Redfern Ltd. and MacLaren Ltd. (1976a), Heeps and
Mein (1975) and Marsalek et al. (1975). Comparisons have also been made between the

predicted and measured pollutographs.
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Table 1. Comparison of simulation model features (from Perks 1978)
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RURAL RUNOFF

The development of rural lands produces hydrologic impacts similar to those
encountered in the development of urban lands. For example, development tends to
decrease the amount of natural surface storage on the catchment, shorten the time of

concentration of the catchment, increase the peak flow rates of the runoff hydro-
graphs and increase the runoff volume. In addition, agricultural cultivation and

cropping practices tend to accelerate soil erosion and the movement of sediments to

water courses. Since agricultural practices often involve the intensive use of

fertilizers, pesticides, herbicides, etc., these chemical forms are also transported
by runoff either in the dissolved phase or in an adsorbed form on the surface of

eroded sediments. Consequently, the hydrologic impacts of rural runoff are often
very significant in the categories of:

(a) increased runoff and flooding;
(b) soil erosion; and,

(c) nonpoint sources of water pollution.

Historically, the highly accelerated rate of soil erosion due to agricultural
practices is thought to have led to the demise of civilizations such as those of the

Tigris and Euphrates River valleys. Currently, in the United States, there is also
great concern over the erosion of top soils which is occurring at an alarming rate.
The nonpoint sources of water pollution due to rural runoff are recognized as being
a major source of water pollution in North America. An example of this concern is

shown by the formation of the Pollution from Land Use Activities Reference Group
(PLUARG) by the International Joint Commission (see PLUARG 1978). An additional
rural nonpoint source of water pollution is due to animal waste which tends to be

concentrated in specific locations by current agricultural practices. Runoff from
animal feedlots is often very highly polluted. Animal manure, that is applied to

agricultural soils as fertilizer, may also suffer the same fate as chemicals applied
to the same soils.

In addition to agricultural activities, hydrologic impacts from rural runoff
are felt from recreational activities, forestry, extractive mining activities,
transportation and solid waste disposal.

RURAL RUNOFF CONTROL MEASURES

The list of rural runoff control measures is much longer than that for urban
runoff control measures. As a result, it is not possible to discuss them indivi-
dually. A list of 109 so-called "remedial techniques" for reducing nonpoint sources
is given in Table 2 which is taken from PLUARG (1978). The list also includes
measures for urban runoff control. This table is included to convey an impression
of the many alternatives available for managing the runoff, eroded sediment and

water pollutants from rural lands.

RURAL RUNOFF MODELS

Hydrologic models employed for assessing impacts of storm drainage management
of rural lands are similar to urban runoff models. In fact, the same models are

often used for both urban and rural applications. The major differences between
urban and rural runoff models are that:

(a) the rural models tend to be used in larger (spatial) scale

applications where a great variety of land uses may be

(b) encountered; and the rural models tend to place more emphasis on

soil erosion and transport of eroded sediments.

Thus, many of the hydrologic simulation models listed in Table 1 may be used for

rural land applications. The more commonly used models in Table 1 used for rural

appplications in North America are the Hydrocomp (HSP) model (Crawford 1971) and the

Illinois State Water Survey (ILLUDAS) model (Terstriep and Stall 1974).

Additionally, the U.S. Department of Agriculture's TR-20 (SCS 1973) and HYMO
(Williams and Hahn 1973) models which are not listed in Table 1 are also commonly
used. Many conservation authorities and municipalities in Southern Ontario require
the use of HYMO for the prediction of hydrologic impacts of land development.
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Table 2. Remedial measures application matrix (PLIJARG 1978)

Land Use

Remedial techniques

x) o
ti u

tu

a)

u 5O to

tfl M
Q) QJ

M >
CO -H
i-4 U

1 Chemical soil stabilizers Sn Sn Sn s

2 Roof top ponding sn

3 Dutch drain (gravel filled ditches
with option drainage pipe in base) sn

4 Porous asphalt paving sc Sn sc

5 Precast concrete latice blocks sn sn

and bricks c c

6 Seepage basin or recharge basin sn

(single use) c

7 Recharge-detention storage basins sn sn
(mult i-use) c

8 Seepage pits or dry wells sn

9 Pits, gravity shafts, trenches sn

and tile fields c

10 Recharge of excess runoff by a sn

pressure infection well c

11 Conservation construction practices S S S S s

12 Temporary mulching and seeding of

stripped areas S S S S

13 Conservation cultivation practices
on steep slopes S S S s

14 Temporary diversions on steeply
sloping sites and temporary chutes S S S S s s

15 Temporary check dams on small
swales and watercourses S s S s s

16 Seeded areas protected with
organic mulch S s S S s s

17 Seeding areas protected by
netting or matting s S S s s

18 Single family aerobic treatment /

systems Nc Nc Nc

19 Contour listing S

20 Disposal of treated sewage sN sN sN sN sN

effluent by spray irrigation c c c c c

21 Surface water diversion S S S S S

22 Terraces (diversion terraces) S S s S S

23 No-tillage cultivation
(shot planting, zero tillage) s

24 Pesticide application methods P p P p P

25 Alternatives to chemical pesticides P p P p P

26 Slow release fertilizers Nc Nc

27 Placement of fertilizer Nc Nc

28 Timing of fertilizer application Nc Nc

29 Roughening of the land surface S

30 Promotion of soil clods or aggregates S

31 Stripe ropping S S S

32 Miscellaneous tillage alternatives S

33 Conservation tillage s

34 Sod-based crop rotation s

35 Winter cover crops s

36 Improved soil fertility s

37 Timing of field operations s

38 Contouring or contour cultivation s

39 Grassed outlets S s S s

40 Direct dosing of alum to a

septic tank N N N

Sn
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Table 2. Continued

Land use

Remedial techniques

Cfl

cd

& dcd
13 CD

•H O
3 P,
cr co

13 O
C M
cd oj

QJ 4«S

H C
o cd

43 43
co P
(U 0)

>
cd in
hJ Cl

CO
c

<D *H
C -H

CU M-l

U 13
o c
43 cd

CO iH

41 Swirl concentrator for runoff
treatment Sn Sn

42 Retention basins for the treatment
of wet-weather sewage flows Sn

43 Stationary screens Sn

44 Horizontal shaft rotary screen Sn
‘ -

45 Vertical shaft rotary fine screen Sn

46 Treatment lagoons sN sN sN

47 Rotating biological contactors N N N

48 Trickling filters N N N

49 Contact stabilization N N

50 Air flotation Sn

51 Physical-chemical systems sN

52 Reverse osmosis of mine tailings
effluent C

53 Chemical adsorption onto clays in

experimental environment P P
54 Surface water diversion Sn Sn Sn Sn

c c c c

55 Reducing ground or mine water influx nC nC

56 Underdrains for mineral stockpiles
or tailings nC

57 Evaporation ponds nc

58 Street cleaning Snc Snc

59 Interception of aquifers nc nc nc nc

60 Neutralization of mine acid waste c

61 Stream neutralization nc

62 Improved methods of sludge
disposal on land nc nc nc

63 Annual storage and land application
of livestock wastes N

64 Sewer flushing Sn

65 Combined sewer overflow SN

regulators c

66 Overburden segregation Sn Sn Sn
67 Mineral barriers or low wall Sn

barriers c

68 Longwall strip mining Sn

69 Modified block cut or Sn
pit storage c

70 He ad-of-hollow-f il

1

Sn

71 Box cut mining Sn

72 Area mining Sn

73 Auger mining
c

Sn

74 Reducing surface water
infiltration nc nc

75 Road planning and design S S

76 Blocking C

77 Check dams S S S

78 Retaining walls for road
construction for steeper slopes S S
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Table 2. Continued

Land Use

Remedial techniques

U)

3
X) tn

•H O
3 (X
CT" CO

•H *H
J X)

X) O
3 3
cfl <U

CL) ^
3 3
o cfl

X X
cn 3
0) 0)^ >
3 -h

79 Revegetation- reforest at ion

cut areas and bare slopes S s S S s

80 Vegetative buffer strips S S S S Sn

81 Sediment basin S S s S S S

82 Rip rap bank protection S S S s S

83 Protection of culvert outlet,
chute outlets etc. S S S s

84 Dolos (offset asymetric tetrapods) S

85 Engineering design and management Sn
for shoreline landfilling c

86 Revegetation of mines tailings:
stabilization S

87 Slope lowering of spoil and

tailings stockpiles S

88 Package sewage treatment plants sN sN sN

(multi-family use) c c c

89 Waste exchange for resource recovery C

90 Head gradient control sn

91 Biological treatment SN
n

92 Streambank protection with
Vj

vegetation S S s

93 Grass channels or waterways Sn Sn Sn s

94 Permanent diversions Sn Sn Sn Sn Sn
95 Bank protection by jetties,

deflectors S S S S S

96 Reduction and elimination of
highway deicing salts C C

97 Septic tank/tile bed sewage disposal N N N

98 Miscellaneous methods to reduce
storm runoff Sn Sn

,

99 Exclusion of livestock from
watercourses Sn

100 Land smoothing S

101 Gabion baskets S S S s

102 Miscellaneous erosion control
fabrics and materials S S S s

103 Miscellaneous individual wastewater
treatment systems N N N

104 Clivus mu It rum N N N

105 Controlling feedlot runoff N
106 Landfill liners c

107 Hydroseeding S S S S S

108 Catch basin cleaning Snc Snc

109 Plant materials for bank and

slope stabilization S S S S S S S s

Significantly effective in reducing magnitude of pollutant:
C - chemicals; N - nutrients; P - pesticides; S - sediments

Moderately effective in reducing magnitude of pollutant:
c - chemicals; n - nutrients; p - pesticides; s - sediments
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Since rural runoff applications often incorporate substantial lengths of

natural channels, the mechanics of flood wave propagation and backwater effects in

channels are particularly important. As a result, specialized models for channel

hydraulics are often employed. Commonly used are the HEC models of the U.S. Army

Corps of Engineers Hydrologic Engineering Centre such as HEC-2 for backwater calcu-

lations .

PRACTICE AND RESEARCH TRENDS

The past decade has witnessed a very rapid development of an extremely large

number of computer simulation models for the hydrologic assessment of drainage
systems. Literally dozens of computer models have been developed, each of which is

a large undertaking in its own right. Although this development has resulted in a

proliferation of models and considerable redundancy^ the competition has produced
several widely-used, sophisticated models. The practical experience associated with
these models is now considerable and a rough consensus has been reached.

There continue to be refinements to existing models. For example, research
has been conducted on improving the pipe flow routing procedures of models. Better
descriptions of hydrologic losses and overland flow dynamics have been included in

models. Much data on the quality of stormwater runoff have been amassed and incor-
porated into models. Exhaustive comparisons and verifications have been made.

Computer programs have been created to allow interactive usage of models on small

scale computers.

In the past decade there has been much Canadian research on the modelling,
measurement and assessment of hydrologic impacts. The work is well-summarized by
Marsalek (1976; 1983). In the Province of Ontario implementation of these research
results has been in the form of a series of policies, the intent of which is to pro-
vide an integrated approach to water management that intermeshes drainage quantity
and quality control with existing pollution control programs and other municipal
functions such as land-use and service facility (sanitary and storm sewerage and

treatment) planning (Environ. Can. 1980a; b)

.
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BIOLOGICAL IMPACT FORECASTING IN ENVIRONMENTAL ASSESSMENT

P.N. Duinker
Faculty of Forestry, University of New Brunswick, Fredericton

INTRODUCTION

Environmental impact assessment (EIA) can be considered as a set of activities
designed to inject biophysical considerations, and more recently socio-economic con-
siderations, into development decision-making and resource management. Undertaken
in most cases in advance of major development decisions, EIA has as its prime ob-

jective to inform decision-makers. Their task is to exercise choice among futures

in the face of uncertainty, that is, to compare the probable outcomes associated
with alternative courses of action and select one action set for implementation.
Implicitly or explicitly, decision-makers base their comparisons on forecasts of the

effects of the alternative actions. In order to consider any environmental factor
in a decision, someone must make a forecast of how particular actions are likely to

affect that factor if they are implemented. When such factors involve species of

flora and fauna, it is normally in the purview of a biologist or ecologist to pre-
pare the forecasts desired by the decision-makers. This paper will explore several
facets of making biological impact forecasts, and will emphasize not so much what
the main trends in such forecasting have been in EIA to date, but rather what it

should be possible to do given the current state of the disciplines of biology and

ecology.

A DEFINITION OF FORECASTING

In science, to predict means to specify the conditions of a particular aspect
of a system, given certain characteristics of the system, with a likelihood greater
than that expected by chance. By establishing the relationships between variables,
we can specify the value of one variable by knowing the value of a related variable.
For example, one might wish to predict the weight of a tree from a knowledge of its

diameter. Forecasts are a type of prediction in which we wish to specify the
future condition of a system. Because what lies in the future can neither be known
nor measured now, the process of making forecasts requires special consideration
apart from the general scientific approach to prediction. This paper discusses some
of these considerations, and in a later section describes a forecast further by
proposing some characteristics that an ideal impact forecast should have.

ON MAKING FORECASTS

I wish to state two premises about making impact forecasts that form a basis
for the following discussions. First, all impact forecasts are based on the profes-
sional judgement of the forecaster. Such iudgement, which is exercised throughout
the scientific process of selecting a method and generating a forecast, is especial-
ly crucial at the time of communicating impact forecasts to decision-makers.lt might
be argued that we have a wide array of scientific tools and methods for making
impact forecasts, some of them operating quite automatically. But the mere choice
of a method or tool, deciding how it is used, and deciding what data to use with the
tool, are matters of professional judgement. It might also be argued that if a

method or tool generates a forecast, then the scientist’s job is over. It will be
emphasized here that it can be extremely dangerous for any scientist not to exercise
judgement in qualifying an impact forecast before it is communicated as a basis for
decision-making

.

Second, all impact forecasts are based on models. A model is simply a percep-
tion of reality, a caricature of nature. Some analysts generate impact forecasts
just off the top of their heads - their models are implicit and informal. Other
kinds of models require the assistance of powerful computers - these models are
explicit and formal. No forecaster can be criticized because a model was not used
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in making a forecast - all forecasts come from models. What can be criticized is

the structure of the model and the way its implicit/explicit nature leaves it open
to analysis.

RESOURCE MANAGEMENT AND ElA - IS THERE A DIFFERENCE?

With respect to impact forecasting, there is no difference between resource
management and EIA. In both cases decision-makers need forecasts of how environmen-
tal and socio-economic components of importance to them might be expected to change
given the implementation of any one of a range of plausible actions. What may be

different, among other things, is the nature of the procedural umbrella which has
evolved for that form of decision-making process called EIA. While this factor may
hamper the pursuit of scientifically-based forecasts in EIA, it does not alter what
needs to be done in a scientific sense.

Thus, in both resource management and in EIA, where applied ecology can make a

contribution, the scientific approach is the same. This is fortunate for EIA,
because it seems that there have been far more advances in resource management with
respect to scientific problem-solving and biological impact forecasting than in EIA.
We would do well to adopt some of these advances as common practice in EIA.

THE RECORD OF BIOLOGICAL IMPACT FORECASTING IN EIA

Close to 20,000 environmental impact statements (EIS's) have been prepared in
the United States since 1970 under the requirements of the National Environmental
Policy Act, and some hundreds have been completed to date in Canada. Thus, there
has been plenty of opportunity to examine these documents for the biological impact
forecasts they contain. Several studies, both in North America and abroad, e.g.

j

Rosenberg and Resh et jaK (1981); Beanlands and Duinker (1983); and Clark et al.

(1983), have done so, with very disappointing results. In general, biological
j

impact forecasts have been of much lower quality than physical impact forecasts
(e.g. atmospheric, hydrological) and typically lack:

(a) specification of the variables and units forecast;
(b) magnitude of the change expected (although direction of change is

often given);
(c) spatial and temporal distribution of the change;
(d) disclosure of the scientific knowledge base and logic underlying

the forecast; and
(e) quantification of the likelihood of impact.

Such forecasts, if we can call them that, are of no value to either the decision-
makers as a basis for comparison of alternatives, or to scientists as a basis for

detecting impact. Moss (1976) summed up this sad situation with the remark that

most impact forecasts appearing in EIS's could even have been made by uninformed
laymen!

To take a more positive outlook on impact forecasting in EIA, I will now
concentrate on what it is possible and perhaps advisable to do when one needs to

prepare biological impact forecasts. Despite the dismal general record in EIA,

there have been many single EIA's, resource management studies and EIA research
efforts in which exemplary, scientific, biological impact forecasting has taken
place. A selection of those known to me will be highlighted in the following
discussion on:

(a) a general approach to biological impact forecasting;
(b) some study tools to aid such forecasting; and

(c) some proposed characteristics of an ideal impact forecast.
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A GENERAL PARADIGM FOR IMPACT FORECASTING

Several researchers in EIA have proposed general scientific approaches to EIA
(e.g. Holling 1978; Ward 1978; Sanders jit^ _al_. 1980; Beanlands and Duinker 1983; Rago

et al . 1983), with various levels of emphasis on impact forecasting. While the

words are often different, the messages in these approaches are largely the same.

On the basis of these proposed approaches, I have synthesized a general paradigm
which emphasizes impact forecasting. The four broad stages incorporate not only the

impact analyst's scientific pursuit, but also the interactions required between
analyst and decision-maker for a usable EIA to be completed.

Stage 1 - Getting started
The impact analyst cannot be instructed simply to go off and forecast biologi-

cal impacts of a proposed development. A considerable amount of time and effort
should be expended on setting up the analyst's task so that the results are perti-

nent to the decision problem at hand and are presented in a form usable in decision-
making. This can only be done effectively in face-to-face interaction between the

analyst and the decision-maker! In EIA, as in management, it is seldom possible to

identify such persons specifically, since there are usually several analysts who may
be proponent employees or contracted consultants, and the decis ion-maker ( s) may be a

cabinet as represented by a Minister of the Environment, a judgement panel or board,

or, in the case of the consulting analyst, his contact with the proponent firm.

Regardless, whoever will use the EIS should decide on what the impact analyst must
do and should be prepared to discuss details of the forecasting exercise with the

analyst. Such discussions need to specify, among other things:

(a)

(b)

(c)

(d)

(e)

(f)

If these details are not worked out in advance, the analyst will apply his/her own
specifications; if these do not fit the decision format, the forecasting exercise
will not be usable.

Stage 2 - Preparing forecasts
One might further subdivide this stage into three, mildly distinct phases.

The first is a phase of weak forecasting in which the impact analyst constructs
conceptual models of the systems of interest, reviews current knowledge about how
such systems react to interventions of the type proposed, and forms preliminary
hypotheses about effects of the development being assessed. The second phase invol-
ves such scientific investigations as are required to generate the understanding and
site-specific data required to test early hypotheses and strengthen the construction
of further hypotheses. The latter, which comprise the impact forecasts, are the
third phase, when the analyst is comfortable that the best possible forecasts have
been made given the constraints of time, money, and expertise available for the
forecasting exercise.

Stage 3 - Informing the decision-maker
Again, communications are much more effective when the analysts and decision-

makers can meet face-to-face to discuss the findings of the forecasting exercise.
The decision-makers can probe the analysts with "what-if" questions, and the ana-
lysts can advise the decision-makers of the logical limitations of the forecasting
procedures. This exchange can be especially fruitful when the analysts have con-
structed a formal simulation model for generating forecasts (in which case optional
futures can be rapidly explored)

,
and have found clever means of displaying outcomes

to help the decision-makers organize unwieldy masses of information.

Stage 4 - Impact detection
Following implementation of a project proposal the analysts should be given

the task of measuring the environmental factors that have been included in the EIA.

the range of options with respect to the planned project;
the environmental components for which forecasts are desired;
the terms (or variables) in which the forecasts are to be expres-
sed;

the goals or impact significance levels that may already exist, or

may need to be developed;
the time and space boundaries and resolution to be applied; and

the confidence required in the forecasting exercise.
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Of course, this requires that the forecasts be stated as testable hypotheses, expli-
i

citly quantified. Without impact measurement, the decision-makers cannot unequivo-
cally learn of the soundness of the decision, and the analyst cannot learn from
error and thus improve the capability of forecasting biological impacts.

One may note the distinct absence of a stage of impact evaluation and alterna-
tives comparison, between Stages 3 and 4. I take the position that the impact fore-
caster (biologist or ecologist) is incapable of performing these functions credibly,
and that these functions lie appropriately in the domain of the decision-maker or
his designates who may use the forecasts as inputs in formal decision analysis
models. I also believe that few decision-makers would find useful a single, overall
evaluative index of impact pertaining to a particular project alternative. This
pre-empts the decision-maker's role. Hidden trade-offs and values, made by the

'

analyst, cannot be evaluated properly by a decision-maker when all impacts are
summarized in a single or even a few indices. Far more useful to most decision-
makers is a manageable array of the indicators of his/her choice, each quantified in
its own meaningful and appropriate measure for each project alternative under
consideration (see Whitney and Maclaren in this volume).

STUDY TOOLS TO AID BIOLOGICAL IMPACT FORECASTING

Ecological understanding and insight into system dynamics, along with certain
site-specific data, are necessary raw materials for preparing meaningful biological
impact forecasts. It is usually found necessary, after an initial attempt at fore-
casting, to mount certain scientific investigations to generate the understanding or

data required to allow a reasonably secure forecast to be made. Note here a crucial
role of the initial attempt at making the biological forecasts - one has a much

jbetter idea of the information necessary to make a particular impact forecast after
having tried to make that forecast.

The impact analyst chooses a particular type of study most appropriate for the
|!

kind of information needed. There are several types of investigations that can be
j

undertaken, with a wide range of scales, difficulties, costs, and conclusiveness.
The more important of these are now described, with emphasis on their potential

j

contributions to biological impact forecasting.

SURVEYS AND INVENTORIES

Surveys and inventories refer to studies that note the occurrence, distribu- I

tion and abundance of biota. These activities can be characterized by rigorous and
|

detailed investigations (e.g. forest inventories for management purposes), and i

entire books have been written as guides to undertaking meaningful surveys (Myers

and Shelton 1980). However, in the context of EIA, all too commonly we witness the
j

completion of expensive but inconclusive "surveys" which are often the only type of

field study undertaken. These studies typically concentrate on what is now,

rather than on what probably will be. Claims are often made in EIS's that such

studies on distribution and abundance of all biota are necessary to describe the

"baseline" condition of the environment, but this seldom provides information criti-
cal to an understanding for forecasting, nor generally provides an adequate referen-

ce from which to forecast, nor even against which to detect, changes. Ward (1978)

has called such an approach the "busy taxonomist" approach, and Hilborn and Walters
(1981) referred to it as "helicopter ecology". These and other authors (e.g.

Andrews 1973; Dorcey and Hall 1981; Rosenberg and Resh
j
2 t_ al_. 1981; Environ.

Resources Ltd. 1982) warned that such studies contribute very little towards an
|

impact analysis and should largely be replaced by stronger aids to forecasting.

BASELINE STUDIES

This paper adopts the definition of baseline given by Beanlands and Duinker

(1983), who defined it as a description of conditions existing before development

against which subsequent changes can be detected through monitoring. This is in

contrast to the typical use of the term where all types of field investigations
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(mostly of a survey nature) carried out prior to writing an EIS are grouped under
the banner of baseline studies. To fulfill the role defined above, baselines

normally must consist of statistically adequate descriptions of the natural variabi-

lity of the ecological variables of interest, in both time and space, prior to the

onset of the planned action.

Hirsch (1980) observed that baseline studies are not really forecasting tools,

but rather are more suited to the post-perturbation detection of impacts. However,
they can provide a measure of the condition from which a variable is expected to

change, both with and without the influence of the proposed development. It would
seem a useless forecast that specified the expected state of a biological variable
or component without specifying the state from which it would change! Further than

that, baseline studies in EIA can provide little of the knowledge needed to forecast
biological impacts because:

(a) they do not observe systems in the perturbed state;
(b) high natural variability necessitates extremely long baseline

records;

(c) adequate controls in a comparative sense are nearly impossible to

establish; and

(d) it may be impossible to know which variables to measure a priori
(Hilborn and Walters 1981).

Few EIA's have been characterized by adequate baselines. The environmental
assessment of Northern Puget Sound and the Strait of Juan de Fuca, on the central
west coast of North America (Kopenski and Long 1981) provides an indication of the

difficulty in establishing adequate baselines. Biological data were gathered for at

least two years at numerous locations and in all four seasons, but the results were
so variable that they are of use only in characterizing what biota occurred where
and when, not as a record against which oil-caused changes could be assessed.

If baselines are strictly defined, they can perform the functions of:

(a) providing a record of the conditon from which a variable is anti-
cipated to change; and

(b) providing before- treatment measurements in an experimental
context

.

Thus, they have an important but secondary role to play in the process of biological
impact forecasting.

PRE-DECISION EXPERIMENTS

The virtues of using experiments in EIA to improve forecasting capability have
been extolled frequently (e.g. Eedy and Schiefer 1977; Preston 1978; Ward 1978;
Boesch 1980; Giddings 1980; Dorcy and Hall 1981; Rosenberg and Resh et al . 1981;
Suter 1982; Beanlands and Duinker 1983). Such experiments are now discussed under a

dichotomous classification of laboratory and field experiments.

(a) Laboratory experiments

These include experiments ranging from simple, single-species bioassays to
complex microcosms (i.e. small, artificial ecosystems). Single-species bioassays
are commonly used in EIA (Environ. Resources Ltd. 1982) and claims have been made
that they represent one of the best approaches available to the biologist for fore-
casting the effects of pollutants on aquatic organisms (e.g. Preston 1978).
However, some feel that single-species laboratory tests are not very informative
with respect to variable natural environments (e.g. Environ. Resources Ltd. 1982).
Suter (1983) advised that multi-species tests should replace most single-species
tests because they are potentially more:

(a) complete;
(b) realistic in mimicking natural systems;
(c) more sensitive in displaying effects, and
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(d) more economical per unit of useful information generated.

The advantages of microcosms are that they are more realistic than single species
tests yet they allow more control than field experiments (Ward 1978). Yet despite
this and other support for the use of multi-species tests and microcosms (e.g. Heath
1979), they are very infrequently used in EIA (Environ. Resources Ltd. 1982).

A great deal of care must be taken when the results of laboratory experiments
are to be used in forecasting the effects of scaled-up perturbations on natural
populations (Boesch 1980). Ward (1978) explained a number of problems in doing
this, including

(a) the changed nature of the stressing factor when applied under
field conditions;

(b) the variability of physical and chemical factors in the field;
(c) the cumulative nature of stress effects over time;
(d) different behaviour of organisms in the field; and
(e) intra- and interspecific interactions in nature.

An illustrative example of the use of a laboratory experiment in aid of biolo-
gical impact forecasting was provided by Eedy and Schiefer (1977). In the assess-
ment of the effects of effluents from a proposed pulp mill on the river runs of
land-locked Atlantic Salmon, a unique avoidance behaviour experiment was undertaken
to determine whether the fish, in a simulation of upstream migration, would attempt
to avoid swimming through the mill effluent plume. It was found that they would
not, showing no preference for ordinary river water over a concentrated dilution of

;

simulated mill effluent. Using this and other information, the investigators fore-
cast that the mill effluent would have no effect on the salmon populations in the
river.

Field experiments

As with microcosm experiments, field experiments are rarely used in EIA.
However, as Suter (1982) stated, "Even a seriously flawed experiment is more easily
interpreted than an unaccompanied list of species, and moderate competence in the

j

design and execution of experiments would result in a quantum advance in impact

assessment". Suter (1982) further encouraged the use of field perturbation experi-
ments by suggesting that the realism obtained by conducting an in situ perturbation
more than compensates for the lack of control obtainable in laboratory experiments.

In discussing the utility of field experiments, Ward (1978) used a four-part
classification including

(a) perturbation of a small portion of the actual system under assess-
ment

;

(b) perturbation of another, smaller, comparable system;

(c) monitoring the effects of previously installed developments; and

(d) studying the proposed development in an experimental context.

The third of these categories is discussed later under the heading Case Studies, and

the fourth under the heading Decision-dependent Experiments. The smaller perturba-
tion experiments depicted by the first two categories are said to have considerable
potential for contributing valuable information for biological impact forecasting
(Ward 1978; Rosenberg and Resh et_ al^. 1981; Suter 1982), although extrapolation of i

results to the system and development being assessed can still be troublesome t

(Hilborn and Walters 1981).

As an example of useful field experiments in EIA, consider again the assess-
ment of Northern Puget Sound and the Strait of Juan de Fuca (Kopenski and Long

1981). Because no information existed on the possible effects of an oil spill on

intertidal communities in the area, nor on the rates of recovery to be expected, in

situ samples of several types of intertidal substrates were totally sterilized,

oiled with Prudhoe Bay crude oil, and subsequent recolonization was measured at one-

month, three-month and fifteen-month intervals. On the basis of the recovery obser-

ved, rates of recovery and time to full recovery of various intertidal communities

after oiling could be forecast.
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MATHEMATICAL METHODS

There is probably more written on the advantages and disadvantages of employ-
ing mathematical modelling tools in EIA than the total written for all the other

study tools combined. A few authors caution against relying on mathematical models
solely for their forecasting power (e.g. Cooper 1976; Regier and Rapport 1977;

Holling 1978; Marsan and Coupal 1981), whereas most others claim that quantitative
modelling is by far the most powerful aid to impact forecasting available (e.g.

Christensen et al. 1976; Najarian 1978; Overton 1978; Barnthouse and Van Winkle

1980; Buffington et_ al . 1980; Cooper 1980; Hilborn _et_ _al_. 1980; ESSA 1982).

Benefits to be derived from quantitative modelling exercises, especially computer
modelling, include:

(a) forcing assumptions about system dynamics to become explicit;
(b) formulating and testing hypotheses;
(c) identifying knowledge needs and thus guiding data collection;
(d) forcing careful and unambiguous system description;
(e) bookkeeping of data;

(f) organizing concepts and ideas;

(g) testing impact scenarios;
(h) making impact forecasts;

(i) suggesting and testing mitigation measures;

(j) providing an effective teaching and communication tool;

(k) improving understanding of cause/effect relationships;
(l) fostering interdisciplinary cooperation; and

(m) providing quantified estimates of confidence in forecasts.

(Jeffers 1974; van Keulen 1974; Walters 1975; Gilliland and Risser 1977; Holling
1978; Ward 1978; Ogawa and Mitsch 1979; Kumar 1980; Radford and Uncles 1980; Dorcey
and Hall 1981; Marsan and Coupal 1981; Marsan 1982).

Mathematical models used in EIA can be classified in a number of ways, and

indeed at several hierarchical levels. For the following discussion, they are

differentiated into time series models, mechanistic models, and other statistical/
analytical techniques. Time series models, for which there is a rich body of lite-
rature, are a means of trend extrapolation. They require a large number of past
observations, which often limits their use in biological situations (Pielou 1981;
Environ. Resources Ltd. 1982). They are an effective way to organize baseline data
for future comparative use. Mechanistic forecasting models are based on ecological
processes and relationships, and express the future of a variable of interest in
terms of other state variables. Such models do not depend on long data records as

do time series models, and may prove to be stronger aids to forecasting because of
the richer functional understanding they require. Mechanistic models typically
forecast the variable of interest over long time-frames by iteratively forecasting
its value over short time-steps, and taking stock of biological conditions at each
step. Final conditions of one step become initial conditions of the next step.
This feedback feature is attractive in forecasting because biological systems are
commonly controlled in nature through feedback and because perturbations usually
operate on feedback mechanisms. Mechanistic models are effective means of organi-
zing biological concepts, but not of organizing data.

In this discussion, "other statistical/analytical techniques" refer mainly to
regression and calculus techniques for generating time-dependent relationships.
These tools can certainly be used to express the state of a biological variable over
past time, but it can be very risky to use them to forecast a biological variable
subject to some sort of intervention not included in the historical data set they
describe. An explanation is warranted. All forecasting models, mathematical or
otherwise, assume that something about the future will remain the same as in the
past. A time series model, even with "intervention" features (Hipel 1983) assumes
that some features of the historical pattern will persist. Similarly, a regression,
or a "tested" analytically derived relationship of a variable over time, when used
in forecasting, suggest that the variable versus time relationship will persist. We
should remember that the only thing dependent upon time is time itself! This is

especially important when we propose to intervene in a system and affect the vari-
able of interest in novel ways. On the other hand, a mechanistic feedback model
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assumes only that the relationship between state variables (and any important time
series which the proposed intervention is not expected to interfere with) will
persist into the future. Time-dependent models, of which time series and regression
forecasting models are examples, typically are based on data, and only answer well
questions of the "what happened?" type. Mechanistic feedback models, however, typi-
cally are based on biologically meaningful relationships, and are well suited to
answering "what happens if?" questions, the type usually posed in EIA.

A notable example of the use of ecological simulation modelling is the assess-
ment of the effects of the Bennett Dam (upper Peace River, British Columbia) on the
fauna of the Peace-Athabasca Delta (northern Alberta), ( Peace-Athabasca Delta Study
Group 1973). An ecological model was built which coupled a hydrological simulation
model with water level/habitat type/carrying capacity relationships to generate
quantified forecasts for effects on a small number of important fish, waterfowl and
mammal species.

CASE STUDIES

Examination of the effects of similar previous developments to gain insights
for forecasting the effects of a proposed development are herein referred to as

"case studies". There is considerable support for studies of this type (e.g.
Hilborn and Walters 1981; Beanlands and Duinker 1983), although to date they have
been undertaken very infrequently in EIA. Constraints against generating conclusive
information using this tool include:

(a) difficulties in establishing a time control because of inadequate
pre-project study, and

(b) difficulties in extrapolating the results to the system of inte-
rest because of lack of a measure of calibration between the
systems under study.

DECISION-DEPENDENT EXPERIMENTS

Elsewhere known as "experimental (environmental) management" (e.g Hilborn and
Walters 1980; 1981; Dorcey and Hall 1981), this approach to assisting impact fore-
casting is called decision-dependent because it requires a decision to allow some
form of development or management action to take place. It then capitalizes on this

action by considering it as the "treatment" in a giant experimental study design
which emphasizes control in a temporal sense. Obviously, this tool will not benefit
the decision upon which it has depended, but is designed to benefit due to future
decisions of a similar nature. When this approach is applied to a sequential
decision, it is known as adaptive environmental management. Adaptive management
recognizes that the future is always uncertain, and it seeks to cope with that

uncertainty by

(a) trying to ensure that any management decision taken will not be
able to produce catastrophic consequences from which recovery is

impossible, and
(b) learning from each decision, so that the uncertainty faced in the

next decision is somewhat reduced

(Holling 1978; Hilborn and Walters 1980; 1981; Hilborn et a_K 1980; Dorcey and Hall
1981; Baskerville 1984).

A recent example of this approach to improving forecasting capability for

future decisions has taken place in Newfoundland. In the EIA for the Upper Salmon
Hydroelectric Development (Newfoundland and Labrador Hydro 1980; 1981; Kiell 1984),
it was clear from the beginning that effects of the development on local caribou
herds could only be tentatively forecast. With the cooperation of the Newfoundland
Wildlife Division (Mahoney 1980), a study was designed to embrace at least six years

of measurements, beginning two years before construction, and continuing at least

two years after operation commenced.
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Specifically, the hydroelectric project lies directly on an historical caribou
migration path between winter and summer ranges with important calving and post-
calving areas in the immediate vicinity. The concern arose whether the project
might interfere with annual migration to the extent that the status of the herds may

be jeopardized.

The first year of studies included winter and spring censuses for the three

herds in the area using a combination of techniques. Extensive aerial observations
were then used to allow detailed documentation of herd structure. Radio collars
were attached to approximately a hundred caribou which were tracked throughout the

year. The results provided an indication of the migratory habits and various beha-
vioural characteristics of the herds.

The radio-collaring program continued for a number of years. Once complete,
the study is expected to demonstrate if the construction and presence of the hydro-
electric project have interfered with established patterns of caribou behaviour that

could possibly translate into a substantial decline in the size of the herds.

SOME DIRECTION FOR BIOLOGICAL IMPACT FORECASTING

It seems that much advice can be found in the literature on general scientific
approaches for EIA, on kinds of studies preceding projects and on impact detection
studies, but little can be found on how biological impact forecasts are to be made.
This is ironic, because it is forecasts that decision-makers require from EIA. In

grappling with this very subject, I will now propose a set of characteristics which
I believe should be pursued in any biological impact forecasting exercise.

An ideal biological impact forecast has the following characteristics:

1. It is based on an explicit, process-based model of the biological
system and the interventions proposed. Whatever type of model an
analyst ultimately chooses to use, careful attention should be
paid to the assumptions it carries with respect to:

(a) cause and effect in biological nature, and

(b) the future as it relates to the past.

2. The biological component of interest, and its specific important
attributes, must be specified by the decision-maker, and the terms
in which the forecast is to be stated must be measurable. No
forecast, or decision based on the forecast, can be judged right
or wrong if the variable forecast is not measurable.

3. The magnitude of the change expected must be quantified. There is

little point in specifying a measurable attribute of a biological
component and then only qualitatively expressing the expected
change. Decision-makers want to know how much change is expected
for a given level of action, thus permitting comparisons and

tradeoffs to be made.

4. The distribution of change in time and space must be specified.
Most impacts are not uniformly distributed, temporally or spatial-
ly. Decision-makers want to know when and where certain magnitu-
des of impact are to be expected.

5. Reasonable high and low limits of impact magnitude and distribu-
tion must be specified. Formal probability theory can only be

used to specify confidence limits on forecasts when they have been
made using statistical models, and I have cautioned earlier
against their use. However, mechanistic feedback models are not
data based in the usual sense, and thus do not allow formal confi-
dence limits to be placed on forecasts. Nevertheless, experienced
analysts can usually suggest bounds outside of which it is very
unlikely that a variable of interest will move under the circum-
stances proposed.
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6. The mutable factors to which the forecast is most sensitive, in

terms of impact magnitude and distribution, must be described.
Decision-makers are keen to know what makes for a "safe" decision.
Thus it is important for impact analysts to advise them of policy
variables in which small errors in policy choice may lead to
disproportionately large impacts.

7. The important uncertainties upon which light has been shed by the
forecasting exercise, and those which remain, must be detailed.
Any scientific inquiry seeks to illuminate some small portion of
an infinite domain of ignorance. While this may seem futile, the
insightful selection and investigation of unknowns critical to the
problem at hand can enhance the chances of success in environmen-
tal problem solving. Details of such resolved uncertainties, and
of important uncertainties that for various reasons had to remain
unresolved, should be included in the description of a forecast.

8. The state of the variable of interest should be given for:

(a) the absence of intervention;
(b) different levels of the type of intervention proposed;
(c) different types of intervention that achieve the same

goal; and

(d) alternative forecasting models.
Biological impact forecasting becomes especially useful to

decison-makers when they have an opportunity to explore futures
under several different development scenarios.

This list of ideals for a biological impact forecast may seem onerous and

impossible to achieve, and perhaps even pointless to many who have experience in

EIA. At this point in time, I cannot comment on the onerous or impossible nature of

the ideals, except to say that I hypothesize that they are neither. I suggest that
they are not pointless but necessary, if EIA is ever to become more than merely an

exercise in lobbying rhetoric. Decisions related to the future of flora and fauna
in natural environments have a much greater chance of being scientifically sound if

we dispense with qualitatively describing changes in the complete array of species
in an area, and instead quantitatively describe changes in a few of the most
important species.

CONCLUSION

The forecasting principles to be applied by an analyst preparing biological
impact forecasts are no different than those to be applied in physical impact fore-

casting. What is different is the array of scientific understanding and data requi-
red to complete the task. We currently have a much greater capability to forecast
biological impacts quantitatively than is in general use in EIA today. This claim
is supported by the few examples it is possible to find in EIA and resource manage-
ment where insightful and creative science has been exercised to generate advice to

development decision-makers. Welcome the day when sloppy "science" is the exception
rather than the rule in EIA!
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ENVIRONMENTAL IMPACT ASSESSMENT: PREDICTING HEALTH EFFECTS

E. Somers

Environmental Health Directorate, Health Protection Branch,

National Health and Welfare, Ottawa

Economic development without due regard for the quality of life is ultimately
self-defeating for it ignores the human values that determine and improve the hopes
of a society. Environmental quality is an important ingredient of the quality of

life and impact assessment is a tool that aids its achievement. Clearly assessment
of effects on human health has a vital role in the whole process. It should not be

thought that environmental health and economic development are necessarily or even
potentially contradictory. The enormous improvements we have seen this century in

urban living, occupational health, and lifestyles have been associated with the

development of a powerful industrial society. The march of that society has changed
the emphasis of environmental health; the prevention and control of communicable
disease being replaced by the problems raised by chemicals and radiation.

The adverse effect of a chemical or physical agent to humans can be considered
to be compounded of two elements: its inherent toxicity, and the level of exposure
suffered by the affected population. It is proposed to review the methods used to

estimate hazards and then to consider the application of exposure monitoring. This
information provides the basis for predicting health effects. The application of
this knowledge to a number of current environmental health problems in Canada is

then considered.

ESTIMATION OF HAZARD

There are three major sources of evidence that are used to determine whether
or not a threat exists to human health. They are: epidemiology - in the occupatio-
nal or general environment, animal experimentation, and in vitro laboratory tests.

Epidemiology, defined as the study of the distribution and cause of disease in

human populations can, in principle, provide the most direct evidence of adverse
effects in man. The studies differ fundamentally with reference to their time

frame. In simple terms, cross-sectional, or prevalence, epidemiological studies
refer to the present time; retrospective, or case-control studies relate to the

past; and cohort and prospective intervention studies follow groups into the future.
Information on such hazards as asbestos and ionizing radiation has been obtained
from retrospective studies which suffer from the diffficulty of determining previous
levels of exposure to the agent. Prospective studies should provide the most appro-
priate evidence for environmental impact assessment, although to date, they have
largely been used for lifestyle and multiple risk trials on coronary heart disease.

There are a number of well-established factors that determine whether an

association is causal: strength, consistency, gradient of exposure, biological
plausibility, time sequence, and specificity (Surgeon-General's Advisory Committee
on Smoking and Health 1964). Some associations such as asbestos and mesothelioma,
vinyl chloride and angiosarcoma, are so specific that small incidences in a large
population are readily apparent. However, this is an unusual occurrence for most
environmental insults so that epidemiology cannot easily determine the specific
cause of long-term health effects. In addition, the requirement for a long period
of use of an agent at an exposure level that produces discernible differences in the
population militates against the use of epidemiology as an aid for regulatory deci-
sions. Many environmental chemicals, such as organochlorine

,
polychlorinated

biphenyls, and heavy metals are so widely disseminated in the environment that it is

almost impossible to find an unexposed population group.
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Experiments with animals raise two fundamental questions: how valid is the
comparison of man and animal? How legitimate is the extrapolation of high to low
doses? Although the basic biological processes of molecular, cellular, and organ
function are similar from one mammalian species to another, there are marked diffe-
rences between the standard rodent model and humans. There are metabolic differen-
ces, anatomical and morphological differences, as well as hypersensitive sub-popula-
tions. Mice, for example, have faster metabolic rates than man, rats have several
mammae and no gallbladder. The evolution of sophisticated animal tests carefully
controlled in terms of diet and environment and free of stress has, ironically,!
limited their application to human experience where we are exposed to a multitude of

stress factors.

Nevertheless, nearly all the 23 chemicals and 7 industrial processes that are
regarded by the International Agency for Research on Cancer (1982) as causally
associated with cancer in humans have been found to be carcinogenic to animals. The
converse argument - i.e. chemicals carcinogenic to laboratory animals are carcinoge-
nic to man - is now backed by considerable experimental evidence, some of which is

indirect, but must always be qualified by consideration of the nature of the test
and species, specific incidence site, route of administration, and the whole'
spectrum of metabolism and excretion.

Two distinct approaches have traditionally been followed to estimate from)

animal experiments the tolerable level of exposure for humans. One approach is to!

derive "acceptable daily intakes" (ADI) based on levels of chemicals that fail toi

produce an observed effect in the animal. The other approach, which is now held to
j

be the most appropriate for carcinogenesis, is to extrapolate using mathemat ical

j

models to low-levels where no response can be observed. For non-carcinogenic food
additives and pesticides, for example, an ADI has often been established through the

application of a 100-fold safety factor. The magnitude of the safety factor is

determined by the nature of the toxic lesion and the extent of the experimental
information available. The use of the "no-observed effect level" (NOEL) tacitly
assumes that there is a threshold dose; the level is, of course, dependent on the

sample size.

This approach will not serve for the interpretation of genetic and carcinoge-

|

netic effects where biological resilience cannot be assumed. For ionizing radiation)
it is generally accepted that a linear relationship holds between the probability of

stochastic effects and absorbed dose in the dose range above 20 rem. At low doses,
|

below 10 rem, these effects are impossible to measure and linear extrapolation is

usually adopted. Many different mathematical models have been proposed for the

resolution of dose-response data, e.g. probit, one-hit, and multi-stage. However,
these models suffer from the limitation that they may fit the observed data equally
well, yet differ markedly in their slope (Krewski ^ ad^. 1982). Some knowledge of

j

the mechanism of action is needed to choose the appropriate model. As for low-level
radiation, linear extrapolation has often been used to give a worst-case analysis -

j

particularly by the U.S. Environmental Protection Agency.

Because of the uncertainties involved in low-dose extrapolation, several rough
measures of potency have been proposed to rank chemical carcinogens according to

their relative strength. Clayson eMt _aK (1983) have proposed a potency index based
on the dose that will induce an excess of 30% over spontaneous response rate. By

focussing on dose corresponding to relatively high-response rates, the problem of

low-dose extrapolation is circumvented. It is, however, well-established that

carcinogenic potencies can differ markedly between species so that the problem of

inter-species extrapolation still remains.

Short-term mutagenicity tests provide obvious advantages in economy and time

as well as avoiding the use of animals. The Salmonella microsome assay for poten-

tial carcinogens first developed by Ames et al. ( 1973) is the best known, most

widely used, and most thoroughly validated. These tests are based on the postulate I

that chemicals that change the genetic code are potentially carcinogenic. This is

not necessarily so in that the degree of this association appears to depend greatly
on the class of chemical as well as the properties of the test system used to assess

mutagenic potential (Ashby 1983). Nevertheless the tests, of which up to 50 have

been described (NRC 1983), do provide a screen for the detection of potential
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mammalian genotoxic carcinogens and mutagens as long as it is realized that, with

the possible exception of electrophilic agents, the multi-stage nature of carcinoge-
nosis is too complex to be reduced to simple systems.

EXPOSURE MONITORING

Risk embodies both hazard and the probability of its occurrence and this in

turn depends on the cumulative exposure of the population. The source of exposure
to a chemical or physical agent can be from all or some of the following - air,

water, food, occupation, consumer products or processes. Knowledge of the major
routes of exposure is essential, not only for an understanding of the toxicological
action, but also for any regulatory control that may be required. For example, our

major intake of the potentially carcinogenic tr ihalomethanes is from drinking water
as an artefact of chlorination (Hickman et al_. 1982). Therefore, control of this

hazard is best achieved through control of levels in this medium and, to that end,

guidelines have been developed (Dept. Nat. Health Welfare 1979).

Monitoring of air, water, food, and biota can provide the information required
to calculate the exposure of a population. In the past these data have been used to

derive average concentrations; however, as Hickman eit_ jaK ( 1982) have discussed,
there are inherent problems in this approach. Concentrations of toxic substances in

environmental media vary with such factors as location, season, and even time of

day. Individuals vary in their physical characteristic, personal habits and activi-
ties, as well as in such biological factors as rates of absorption, metabolism and

excretion. The average exposure for a population may appear acceptable but, never-
theless, an appreciable proportion could be exposed to dangerous concentrations.
One alternative, developed by Hickman et al . (1982) for drinking water, is the
application of mathematical modelling techniques that incorporate a probabilistic
approach to population exposure. Data are expressed in terms of means and standard
distributions and the concentrations in each pathway are represented by a distribu-
tion. The model mathematically determines the products of the distribution and sums

them over all pathways in the exposure model.

Sometimes it is possible to determine the exposure directly on the human
population. A classic example is ionizing radiation for which the Department of
National Health and Welfare has provided a comprehensive dosimetry service since
1951. Currently some 90,000 Canadians are using this service for x-ray, $, y, and
neutron dosimetry. The records are computerized and form the National Dose
Registry which can be used to assess the long-term effects of low doses of ionizing
radiation on humans. Computerized record linkage is to be used between these
exposure files and the death files of Statistics Canada's National Mortality Data
Base

.

Exposure monitoring must clearly be directed at the appropriate route for the
target population. With pesticides, for example, the major exposure for the general
public is via food while for the applicators the predominant route of exposure, at

least for organophosphorous compounds, is the skin (Wolfe et al. 1972). Rather than
measure dermal absorption it is simpler and more accurate to use biological monito-
ring: Franklin et a^. (1981) found a high correlation between urinary excretion of
the alkyl phosphate metabolite of azinphos-methyl and the application of the
pesticide.

CANADIAN EXAMPLES OF ENVIRONMENTAL HEALTH RISK ASSESSMENTS

With the development of environmental impact analysis, the health issues are
increasingly being addressed before the actual industrial event. In collaboration
with the University of Ottawa, the Environmental Health Directorate has undertaken a

study of the health status and trace element exposure of school children in
Kamloops, British Columbia both before and after a new smelter went into operation,
so that we now have the basis for a prospective study. Analyses of copper, zinc and
lead in blood and mercury and arsenic in hair were carried out together with such
health status parameters as height, weight, lung function, peripheral vision, neuro-
psychological tests and behavioural observations. Similar observations were carried
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out on a control population in nearby Barriere. The first phase of the study was
before the smelter began operating in 1978: the second phase was during 1980-1981.
No significant differences in any of the parameters have been found so far.

Monitoring of environmental radioactivity and the interpretation of the
resultant health effects have been carried out in the Department of National Health
and Welfare for over 20 years. As part of this program, analyses of tritium in

atmospheric water vapour, and of cesium-137 and strontium-90 in water were made in
the environs of Point Lepreau before and after the nuclear reactor went into opera-
tion in September 1982 (Environ. Health Direct. 1980). These before-and-after data
are necessary in the assessment of the health implications that follow the intro-
duction of a new technology. The translation of the analytical data into health
risks is carried out by the procedures of the International Commission on Radiologi-
cal Protection ( ICRP 1977; 1978). Clearly this information base will be of great
value in the forthcoming environmental assessment review of the proposed second unit
at Point Lepreau.

It is worth emphasizing that the Department supports the concept that any
j

release of exposure to radiation that can be prevented should be prevented even if

it is at levels below the maximum permissible. This objective is embodied in the
ICRP (1973) recommendation that any unnecessary exposure be avoided and that all

doses be kept as low as is readily achievable (ALARA) . The Department has been
involved in presentations for a number of environmental assessment reviews such as

the proposed uranium hexafluoride and uranium trioxide refining operations in I

Ontario, and the expansion of the Elliot Lake uranium mines. In all cases the
j

potential risk to human population was evaluated in terms of the ALARA principle.

In the late seventies there was serious concern in Canada with the potential
health hazard to communities where radioactive contamination from nuclear industry
debris had occurred, in particular at Port Hope and Elliot Lake in Ontario, and

Uranium City in Saskatchewan. The radiation exposure was of two kinds: radon and

its daughter decay products, or y radiation. A Federal-Provincial Task Force on
Radioactivity was established in 1976 and criteria were developed for the clean-up
operations. The primary criteria above which remedial measures (generally removal)
were undertaken was 0.02 working levels (WL) for radon daughter products and 0.05
mR/hr for interior y -radiation (AECB 1977). The health effects could be considered
small but not negligible and the derived reference standards provided the needed
environmental protection. Further concern with radon daughter exposure in situa-
tions unrelated to uranium mining operations led to an extensive cross-Canada survey

j

of homes. At the present time, 14,000 homes in 19 Canadian cities have been survey-
j

ed, of which some 4% of the homes exceeded the 0.02 WL standard. Epidemiological
j

analysis has not shown any correlation between radon levels and age standardized
j

mortalities for lung cancer, leukemia and all cancers in ten-year age groups between
j

the various cities (McGregor et al_. 1980; Letourneau and Wigle 1980; Letourneau _et_
j

al. 1983).

Lead is a widely distributed environmental pollutant with no known beneficial
physiological function in man. By far the major source of airborne lead is the com-

bustion of leaded gasoline, nearly 10,000 tonnes being emitted in Canada in 1978.

Examination of the integrated exposure pattern of lead has shown that the major
contribution is from food, although for children there is always the ingestion of

soil and dust (Hickman e_t a1. 1982). While the Canadian intake is well below the

WHO/FAO provisional tolerable level for an adult of 430 ug/day there is concern with
elevated blood lead concentrations, particularly for children, that could have

adverse behavioural effects. Recent evidence from the isotopic lead experiment in

Italy (Fachetti et al. 1982) and analyses of blood lead levels in relation to lead

in gasoline (Annest et a_K 1983; Rabinovitz and Needleman 1983) all show importance

of lead in gasoline as a source of lead in human populations. A significant number

of Canadian children could be at risk. The Department of National Health and

Welfare has, therefore, recommended the reduction of the lead content of gasoline

and the relevant Regulations under the Clean Air Act are currently being reviewed by

the Department of the Environment. In this instance, the accumulation of inferen-

tial data from a number of different sources leads inescapably to the conclusion
that an unnecessary environmental hazard should be reduced.
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The polychlorinated biphenyls (PCB's) are persistent in the environment and

bioaccumulate in the human food chain. Their toxicity to a wide range of animal
species, including man, is well-established (Roberts et al . 1978; Kimbrough 1980)
with particular concern for their carcinogenic potential and transplacental toxici-
ty. Under the Environmental Contaminants Act the uses of PCB's were limited in 1977

to closed electrical and heat-transfer systems. Subsequently, in 1980, all new uses
including use in make-up or filling fluid, were banned. Subsequent government
actions are directed to curtailing, as much as possible, the release of PCB's to the

environment. This is an example of a risk assessment where potential damage to

human health and the environment is considered to be sufficiently serious that the

toxic materials should be replaced and phased out.

A final example can be given of an epidemiological study currently in progress
that is designed to learn the extent of a possible health threat to Canadians from

acid rain pollutants. It is well established that acid rain damages the environment
but the effect of acid rain precursors on human health is unclear, whether in terms
of contamination of drinking water or affecting respiratory function. We have
selected a community in Ontario which is known to be affected by acid rain and which
has no major local sources of air pollutants. The respiratory health of school
children in this community will be studied and the results compared with studies on

school children in a community not subject to acid rain. In this instance, an

epidemiological study is to provide the scientific background for the future politi-
cal decision.

CONCLUSION

The sources of scientific evidence that can be used to predict the potential
harm to human health from environmental agents have stood us in good stead for many
years. They will need to be refined and developed so that we can understand the

basic biochemical mechanisms that underly toxicity and also replace the present
time-consuming, expensive animal tests. Ultimately, of course, the environmental
decision following the scientific evidence has to be political. That is inherent in

our democratic society. It is up to us to ensure that the science is as objective
and well-founded as humanly possible. Toxicology is not an exact science but in-

creasingly it has responded to public needs. It must be nurtured and cherished, for

the demands of an increasingly complicated and technological society for its answers
will surely grow.
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INTRODUCTION

Land uses and their associated activities have been derived over many years

from the interplay between technology, economics, perception, and public and private
institutions. Environmental assessment of future land-use changes induced by a

specific development project attempts to identify short-term and long-term impacts
against this dynamic backdrop of continual land-use change. Viewed in this context,
the role of environmental assessent can be seen as one planning tool, among many,
which guide land-use change over time. The term land-use as used in this paper in-

cludes both man's legal designation and human activities on land and aquatic space.

In urban and agricultural regions, the land-use aspect of an environmental
impact assessment (EIA) assumes considerable importance since in these settled areas
land values are high, land parcels are small, and private ownership predominates.
This means that when the EIA identifies land-use disruptions caused by a project,

the issues not only will be widely covered by the media, they will become politi-
cally important; as well, the courts and land compensation boards may at some point
become involved to adjudicate damages from taking land and from damages arising to

property owners from construction. Hence, the regional context in which an EIA is

undertaken assumes considerable importance.

To explore the EIA land-use problem, five aspects will be discussed:

1. the temporal context,
2. the ecosystem or regional context,
3. the policy context,
4. the economic context

,
and

5. the incremental versus holistic project context.

Before proceeding along these lines, however, it may be useful firstly to
conceptualize the "boundary" problem of EIA. Specifically, how does EIA relate to

the broader field of environmental management including environmental planning and

environmental protection? I believe that this is important since the terms are used
in different ways and have changed over time as well.

ENVIRONMENTAL IMPACT ASSESSMENT (EIA)
WITHIN THE CONTEXT OF ENVIRONMENTAL MANAGEMENT

Environmental impact assessment, as it is defined legally under that title in
Canada, directs its attention to specific new facility development projects such as

pipelines or highways. However, more and more frequently environmental reports, not
always titled EIA reports, are done to obtain approvals for urban and regional
development projects, such as subdivisions, under the Planning Act (Ontario) among
others; these reports are written in the same format as those done under so-called
environmental assessment acts and include in their preparation all five stages of
environmental planning (Fig. 1), including alternatives and mitigation procedures.
EIA's have not been involved in decommissioning of projects but could do so as well.
Thus, the focus for EIA has broadened well beyond specific construction projects
into the broader areas of environmental planning and design.

In an effort to clarify these boundaries, I have defined the larger field of
environmental management as having six modes, two phases and twelve stages (Fig. 1).

Environmental planning or ecoplanning encompasses a series of "paper exercises"
(left-hand portion of Fig. 1) and environmental protection, the "hard hat" side
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(right-hand portion of Fig. 1). Environmental assessment is then defined as inclu-

ding the Environmental Planning Phase in the Urban and Regional Development Mode , the

Facility Development Mode, and the Facility Decommissioning Mode; hence, environmen-
tal assessment does not get involved directly in Environmental Protection activities

I

except as it related to the approvals process, i.e. "promising" actions will be done

to mitigate undesired impacts or particular rehabilitative procedures will be
followed

.

The other three modes are part of other on-going policy and operation proces-
ses; as well they have environmental planning and protection aspects as illustrated
in Fig. 1. Some of the confusion in the EIA literature comes from trying to "force"
the EIA approach into these other modes, while confusing the Environmental Planning
Phase with the Environmental Protection Phase.

The term "post-development" audit as used by many authors (including Rigby
this volume) corresponds to my monitoring stage (Fig. 1). The derivation of my term

comes from the pipeline and housing industries and the many reports published under
this name. The term monitoring sometimes also refers to the entire environmental
protection phase of the facility development mode: I prefer a more restricted use

for the word monitoring, and agree with Duinker's (this volume) definition, i.e. re-

petitive measurements of biophysical or cultural parameters made before, during and

after development or construction to identify environmental impacts. Predictions of

expected impacts in the EIA report can then be tested.

The research stage (Fig. 1) includes all environmental protection activities
which are funded for reasons outside of the day-to-day operation or development of

facilities. Research needs are particularly evident in the rehabilitation and con-
struction stages. In addition, some might argue that monitoring as defined here is

a specialized kind of research - this would be hard to quarrel with.

Environmental supervision, construction supervision, or environmental inspec-
tion falls under my term construction stage (Fig. 1) for both the urban and regional
development mode and the facility development mode. This involves environmental
inspectors who supervise the development process having knowledge of the EIA report,
any approval with conditions made at the hearing stage, and knowledge of any monito-
ring to take place. The environmental inspector and his supervisor write the as-
built report (report stage, environmental protection phase, Fig. 1) which assists in

any monitoring as well as in any litigation which might arise from construction
(i.e. Duinker’s "compliance monitoring").

In my judgement, the EIA process has been useful in the Urban and Regional
Development Mode in Ontario principally at the conceptual stage and secondary plan
approval stages. At finer levels of detail, i.e. at the site design level, the EIA
process for specific facilities, such as roads or sanitary sewers, becomes applic-
ab le

.

By conceptualizing EIA as a subset of environmental planning (Fig. 1), the
environmental protection phase of facility development (right-hand portion of
Fig. 1) then flows directly from the hearing and approvals process, assuming that
the project is approved. Monitoring as described in Fig. 1 then will be done from
not only the baseline work described in the EIA, but from examination of the appro-
vals with conditions, and from the as-built report. The latter describes what
really happened in the field, generally only about 75% of what was assumed would
happen

,
when the EIA was written in the comfort of the office, or in the adversarial

setting of the hearing.

In the context of the above, the total universe of land-use changes is consi-
dered, approved, and implemented in five or six modes (Policy Mode excepted), not
merely the Facility Development Mode under which most EIA's are supposed to be pre-
pared, nor the Urban and Regional Development Mode where a great deal of environmen-
tal EIA-like reports now are done. It is easy then to see that preparation of an
EIA report regarding specific change in land-use can not only be contentious, but
can become obsolete very quickly as the other modes are never standing still but are
part of an on-going evolving ins titut ionized process affecting the overall land-use
mos aic

.
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Within the Facility Development Mode or Process, by way of illustration, the

role of the environmental managers is seen as one member of a team made up of gene-
ralists and specialists (Fig. 2). As the project moves from planning to implementa-
tion, the composition of the team changes. This means that the advice of the

environmental manager is one of many points of view, and furthermore a point of view
which is not always represented at certain stages. Also it is naive to assume that
an EIA process is mandatory to ensure that environmental managers are part of the

team. Some ecologists were in fact working on such team efforts well before EIA
(Dorney 1970; 1973), although EIA, where legally required under various Acts, forces
such inclusion. This does not necessarily mean, of course, that environmental
judgement will be substantively recognized or included in the actual planning and
design of the project, or in its implementation (environmental protection phase).

Planning done under the urban and regional development mode often sets the
stage for substantial short- and long-term land-use change due to investment in

facilities (pipelines, dams, roads, sewers, water mains, etc.). It makes little
sense therefore to exempt such planning schemes from EIA scrutiny and pick up the
smaller separate construction pieces. I would suggest that all regional development
projects such as those under ARDA or the Niagara Escarpment Plan be subjected to EIA
at the conceptual and secondary planning stages only. For example, the Niagara
Escarpment Hearings held in a tribunal-like setting allowed opponents of the plan to

attack particular aspects. Had an EIA-like process been used, the Niagara Escarp-
ment Commission would have had to identify for all actors, the considerable impacts
created by the proposed plan implementation including dislocations in market sectors
of recreation and resource extraction; these dislocations are still unclear and will
incur considerable political risk in plan implementation.

The processes outlined in Figs. 1 and 2 describe more or less the present
professional situation in Canada in a structural or operational context. It also
illustrates a rational and comprehensive planning process working in measured steps
with appropriate feedbacks (not shown) and consultation. When ad-hoc, advocacy or

mixed scanning planning is used, the EIA process will be less effective. For
example, a project exemption under the Environmental Assessment Act may remove the

hearings step in the process allowing the facility design to be more sensitive to

agency goals than public ones.

One further conceptual boundary problem can be mentioned. EIA reduces the

effects (impacts) of man's development efforts, essentially a rear-guard action.
The need for massive world-wide and local ecosystem rehabilitation procedures will
not be achieved by EIA; other tools are required.

Having now defined the boundary problem, the five aspects or contexts for EIA
will be presented.

THE TEMPORAL CONTEXT OF LAND USE AS IT RELATES TO EIA

Since man's uses of land change at different rates under a variety of circum-
stances, with or without new facility development, what major forces or factors

cause this change in the land use mosaic - a process which could be described as

landscape evolution? By identifying these forces, or directions of likely change,

an EIA could better appraise a project's possible long-term effects, as well as

evaluate the more obvious short-term disruptions.

Four prime factors cause landscape evolution - human perception, economics,
institutions, and technology (Fig. 3). Generally, new technology and/or economics
(inflows or outflows) are the opening wedges, while people's perceptions and insti-

tutional responses lag behind. The rate of change for landscape evolution is gene-

rally measured in decades unless massive capital investments are made in small

areas, e.g. a downtown waterfront such as harbourfront in Toronto.

Historical geography or historical ecology is one field which studies past

land-use changes and identifies the reasons, and dynamic processes for such change.

However, in preparing historical landscape analyses, few quantitative data are

available, and rarely are any historical data available in map form. In addition,
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Fig. 3. The four forces which are responsible for historic landscape evolution
(land-use change) and will cause it to continue changing over time.

there is a scale problem as a larger area can have a different history than a smal-
ler area included within it. Examples where such historical ecology studies were
done as part of an EIA or EIA-like process can be found for a campus in Utica, N.Y.
(Dorney 1973), for Erin Mills New Town (Dorney 1970), for Highway 406 (Ecoplans
1972a), and for the Burlington Skyway (Ecoplans 1972b). However, these types of

historical studies are not commonly done in Ontario or Canada. Yet, if done more
frequently, such studies not only explain how present land use evolved, but could be
helpful in identifying future land-use trajectories if the four factors in Fig. 3

are included explicitly. Taken together, these types of studies which combine
historical and future land-use parameters could improve our evaluative potential for

identifying both short-term and long-term land-use impacts arising from either Urban
and Regional Development Projects or Facility Development Projects (Fig. 1).

An illustration here may be helpful. Using the proposed Bruce Peninsula
National Park as an example of a Regional Development Project, its short-term (3-10

yr) impacts on adjacent land uses can be sketched out. Issues such as park access,

restaurants, hotels, further severances might be identified, documented and addres-
sed at the hearing or approval stage. But the off-site impact of withdrawing a

large acreage from development coupled with concurrent withdrawal by lands regulated
by the Niagara Escarpment Commission will probably redirect cottage and resort i

development pressure in Bruce County to the Lake Huron shoreline. These long-term
|

off-site developments probably will be significant in the destruction of sensitive
shoreline ecosystems or wetlands. Therefore, it would be useful if an EIA-like
document were done on the new park, to include such off-site information, at least,

along with an evaluation of residents' perception and institutional capabilities to

deal with these associated landscape pressures.
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The potential long-term interactions between Urban Development and Facility
Development could be better defined in the EIA process as well. Generally, facili-
ties such as sewers, roads, and freeway interchanges open up an area for develop-
ment; however, the timing and the kind of land-use changes which follow will be
variable. On the other hand, looping of a pipeline will often generate no adjacent
development over the long-term. Some comment on these likely long-term interactions
affecting land-use changes, if any, would seem to be reasonable to expect in an EIA
report even though the time frame may be uncertain. Comparable experience under
similar circumstances could be documented and used as a guide to what future changes
could be expected.

THE ECOSYSTEM CONTEXT OF LAND-USE AS IT RELATES TO EIA

Identifying the ecosystem context for ETA has utility as there are a number of

environmental and human perceptual gradients which vary between various ecosystems
which should and do affect the content of an EIA; they affect the subsequent appro-
vals and hearings process. Three major ecosystems - natural, agro and urban - can
be described, with four associated scales, from Ecoregions to Ecosites (Fig. 4).
This descriptive ecosystem typology is based in part on island biogeographic
concepts, conceptualized as a dominant matrix at each scale with inclusions or

"islands" of differing land use. The boundaries of the urban ecosystem are mapped
as the daily commuting radius computed by a regression between city size and distan-
ce (Russwurm et^ al . 1977).

To use this ecosystem paradigm, the appropriate matrix is entered at the Eco-
region scale, then increasing detail can be studied in each column. For example,
using this approach, Ontario’s seven Ecoregions can be classified as shown in
Fig. 5; as indicated, Ontario has all three ecosystem types with an agro-ecoregion
separating an urban ecoregion in the south and a large natural ecoregion in the
north.

Since human uses dominate in Ecoregions 6 and 7 (Agroecosystems and Urban
Ecosystems, respectively) it is useful to document cultural and biophysical proces-
ses in each of these ecosystem types in the context of writing an EIA. However,
before significant processes can be understood, the structural subsystem components
need to be described. This is attempted by compartmentalizing the ecosystem into
Abiotic, Biotic and Cultural components or subsystems (Fig. 6) at increasing levels
of detail. Using this diagram, a basis for describing ecological and associated
cultural processes is established. EIA report preparation is enhanced thereby.

To illustrate the utility of this ecosystem and ecosystem subsystem approach
a wooded area impacted by facility development, e.g. a pipeline can be considered.
In the Natural Ecosystem, the value of the wooded area is usually timber value or
recreational value only; the impact can be positive to hunters and game as the
right-of-way provides access and edge; or might have a negative impact due to in-
creased hunting pressure or wolf access to a sensitive big game population wintering
area. In the agroecosystem, the same wooded area or acreage generally has less eco-
nomic value than farmland, hence rural councils and farmers prefer to lose woodlots
rather than fields. Impacts, then, are direct loss of wooded acreage, and edge dis-
ruptions, or secondary impacts lasting 5-8 years and affecting edge birds and
mammals positively and interior woodland species negatively. In the urban ecosystem
however, woodlots attain significant aesthetic, recreation and natural science value
(directly related to property values); hence, rights-of-way will tend to avoid them
completely or to "tread lightly" when proposing the cutting of woodlots; taking high
quality farmland in this zone may not be viewed by residents as a significant impact
since much farmland on the urban fringe is shown as "vacant" urban lands on official
plans

.

For mapping urban ecosystems and agroecosystems, a number of cultural-biophy-
sical descriptive landscape typologies have been proposed (Dorney 1977; Brady et al.

1979). These typologies deliberately were developed to facilitate communication
among public and private groups. On the other hand, the biophysical Ecoregion-
Ecodistrict mapping approach of Environment Canada and the Canadian Committe on Eco-
logical Land Classification (CCELC) is, in my opinion, appropriate for scientific
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Fig. 5. Ecoregions or site regions of Ontario by descriptive type (see text and

Fig. 4). Site Regions 1 to 5 are Natural Ecosystems, Site region 6 is an

Agroecosystem and Site 7 is an Urban Ecosystem. Map is adapted from Hills

(1976) and Russwurm et al . (1977).

analysis of Natural Ecosystem zones (see Figs. 4 and 5) where fewer lay groups are

involved in land-use arguments and larger landscape areas are being planned.

Attempts by ecologists were made in Vancouver to simulate urban ecosystem
dynamics in the 1970's. This effort was well funded (about one-quarter million
dollars) by Ministry of State for Urban Affairs and a private foundation. The
collapse of the effort, leaving almost no published record, is revealing as it was

hoped an urban simulation model would answer questions about location and desirabi-
lity of projects such as a new bridge to North Vancouver. This suggests that com-
plicated and expensive urban simulation models may not be the direction for EIA
reports in urban land use or ecosystem work; rather, using the simpler descriptive
ecosystem/subsystem model (Fig. 6), ecosystem processes of significance can be

identified by dialogue with knowledgeable public and agency personnel. The use of

technical principles can also help to identify issues prior to any assessment exer-
cises (Dorney and Hoffman 1979).

For agroecosystem work, computer-based mapping approaches which enter both
biophysical and cultural data by grid coordinates are useful in EIA studies. This
approach, essentially a land-use feature mapping method, developed by many groups
including early efforts by Coleman (1974), has been continued by Ontario Hydro and

Environment Canada with current landscape features in their on-line data system.



144 R.S. DORNEY

Fig. 6 Subsystem components for the Urban Ecosystem and Agroecosystem typology

based on an hierarchical model from simplicity to complexity. Ecosystem

processes are inferred from experience of professional and experienced

individual s

.
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THE POLICY CONTEXT OF LAND-USE AS IT RELATES TO EIA

For agro- and urban ecosystems, land-use policy is subject to rapid change,

ranging from local to regional, in contrast to the slower rate of change in natural
ecosystem areas. These policy perspectives take different forms in official docu-

ments, semi-official documents, points of view or perspectives reported in the

press, among others. For preparing an EIA sensitive to these policy issues as part

of a project in the Urban and Regional Development mode, as earlier described, some

suggested inputs have been outlined (Fig. 7). Most of the data requirements are

self explanatory. Two blocks, however, may deserve some comment - "Determine
Political Dynamics" and "Identify Consensual Landscape Evolutionary Trajectory".

To determine the political dynamics, press releases, letters to the editor,

and politicians who have identified their positions are catalogued. Any issues
identified or strong positions taken by groups or individuals need to be addressed -

head on - in the EIA or answers prepared for hearings. Flexibility for negotiation
may or may not emerge at the hearing stage, but understanding the political dynamics
of the proposal ensures that a fair and balanced EIA will be prepared, properly
funded by the proponent.

The consensual landscape evolution trajectory at this point in time is more
theoretical than practical. Few jurisdictions have debated their future or futures,
and then adopted these positions in an official way. One exception is Huron County
(Ontario) which has undergone an official planning process which outlines "land-use
perspectives". These perspectives are indications of acceptable landscape (land-
use) evolutionary directions and would be helpful in guiding EIA discussion of long-
term off-site impacts. Official plans define a possible set of future directions
but not generally in the broader context of perception-economics-technology and

institutions (Fig. 3).

Another example of landscape evolutionary perspectives is how the Niagara
Escarpment Plan is viewed in different portions of Ontario. It is supported in the

south by a coalition of urban-based naturalists groups who are pressing for an in-

creased protected area, while rural residents (agroecosystem area) such as those in

Bruce and Grey Counties see the plan as a way for urbanites to gain control over
their private lands without paying for the "privilege" - two vastly different
visions - a kind of social schizophrenia regarding landscape evolution.

The policy context then is an important aspect for the environmental manager
to examine in EIA preparation; suggestions have been made concerning how this might
be done. I believe it would assist hearing boards by clarifying the arguments and

reducing the costs of hearings, or by facilitating environmental mediation processes
prior to hearings.

THE ECONOMIC CONTEXT OF LAND-USE AS IT RELATES TO EIA

This aspect of an EIA is always important because any development proposal has
a limit to what it can spend relative to revenues generated to carry or justify the
project cost. Alternatives for a project, design solutions to mitigate identified
impacts, all must and will be costed as part of the team effort (Fig. 2). The envi-
ronmental manager then will be expected to be realistic in proposing alternatives
and in proposing mitigative procedures. Hopefully, on occasion, less expensive
solutions which are environmentally satisfactory will be identified.

To be effective in this regard, the environmental manager must be familiar
with land values, and the construction or development technologies to be used.
Ecological wisdom given in isolation from technological and economic realities has
limited value to the team. This is why this paper emphasizes an integration, now
generally lacking, between the Environmental Planning Phase and the Environmental
Protection Phase (Figs. 1, 2 and 7); this melding of the two phases combines the
"paper world" with the "hard hat" world leading to realistic design, construction
and mitigative measures justified on technical, economic, and ecological grounds.



146 DORNEYR.S.

Flow

diagram

for

incorporating

policy

considerations

into

the

environmental

assessment

process



IMPACTS OF LAND-USE DEVELOPMENT PROJECTS 147

Impacts identified in an EIA can be costed in terms of resource replacement
value, costs due to temporary disruption of land-use activities offset against legal

costs to argue damages. Tradeoffs in all these categories are possible. A land-use
map plus an operational knowledge of how each farmer, and each urbanite use their

land is vital to include in an EIA, or is vital knowledge to have for a hearing.

Cattle access over a pipeline trench should be considered before there is reaction
from an environmental inspector, or from the National Energy Board inspectors. Or,

as another example, it may be cheaper to keep the construction rolling and compact a

wet clay, later spending more money on renovation and compensation to the farmer for

temporary loss of crop production. For "ideological" reasons some environmental
scientists will not accept that natural resources can be placed in an economic
context; they believe that nature has intrinsic value. If this "mind set" is taken
as a point of departure, it removes the EIA from the more "rational process" out-

lined in Figs. 1, 2 and 7; it should be argued then at the hearings and approval

stage on its own merits.

Some cost-effective land-use solutions regarding EIA that we have seen may be

worth describing for illustrative purposes. Using an unopened Ontario Hydro right-
of-way in which to locate the Nant icoke-Hami lton petroleum products pipeline saved
large sums of money because numerous individual severances/leases did not need to be

negotiated. Or in another case, using the Parkway Belt West for a pipeline corridor
took exactly 30 minutes to negotiate - rather cost-effective as opposed to an alter-
native over private lands with surveyors, land agents, appraisers and lawyers in-

volved .

The emphasis in much of the EIA literature sidesteps the cost issue, promoting
the ecological arguments as if they existed in isolation from costs and benefits.
Considering that these reports tend to be written by academic scientists or bureau-
crats outside the private sector with limited private sector experience, perhaps
this is not surprising. Research in more cost-effective construction procedures,
however, needs recognition and funding - including the numerous possible tradeoffs
between resource protection versus resource rehabilitation.

Sometimes it may be less expensive to disrupt a natural area and then guaran-
tee its renovation. The conceptual "shortfall" is that little rehabilitation
research has been done for complete natural species and communities restoration, in

terms of how to do it, how long it takes, and what it will cost. The West Germans
with their environmental replacement legislation are leading the research in this

field. In my judgement we have wasted, and are continuing to waste, millions of

dollars in Canada trying to protect natural areas, often imperfectly, because the
alternative of replacement/rehabilitation is unproven or unpalatable.

THE INCREMENTAL VERSUS HOLISTIC PROJECT CONTEXT FOR LAND-USE AS IT RELATES TO EIA

Endemic to any planning and development problem is the issue of incremental
changes adding up to unacceptable holistic or final changes. This is particularly
applicable to land-use decisions because hindsight offers so many examples where
small positive sequential changes, each viewed in isolation, led to a negative over-
all effect. Examples like Love Canal or subdivisions built west of Malton Airport
in the noise zone (NEF) are cases in point. The question can be fairly asked, has
the preceding discourse shed any light on this troublesome problem of incremental
versus holistic land-use development which relates to a more meaningful environ-
mental impact assessment prediction process?

One positive suggestion, already touched on, is to require an EIA or an EIA-
like report for all regional development projects and for all urban development
projects covering more than 50 ha in size at the conceptual and secondary planning
stages. Then, specific development projects, such as a freeway, will fit into an
overall landscape plan, rather than being covered as is now the usual case in Canada
and Ontario on a project by project basis under separate EIA's.

Perhaps the problem can to some extent never be fully addressed other than by
the one suggestion above, for the simple reason that the four factors causing land-
scape evolution (Fig. 3) continually change, especially people's perception.
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However, I believe that we can do a better job by recognizing the difficulty and
undertake historic landscape studies, attempt to do landscape evolution studies, and
do the policy studies illustrated in Fig. 7 to address possible long-term issues
more fairly. The short-term impacts are, of course, less liable to mistake as the
present political-legal process allows all actors involvement. Although some may
have the wisdom of Solomon to make long-term land-use projections, or at least are
willing to admit they do, few who make the claim have the public trust.

CONCLUSIONS

The approach proposed in this paper incorporated land-use concerns into the
EIA process by first identifying the boundary problem of environmental management,
followed by examining the temporal context, the ecosystem type and scale, the policy
context, the economic context and finally the incrementalism versus holism context.
This comprehensive approach happens now in preparation of some EIA reports, but not
in an explicit and systematic way.

I feel that the selection of ecosystem type and the appropriate scale is a

critical issue; if the proposed development impacts on an agroecosystem region or an
urban ecosystem region, land-use issues will dominate the hearing while biophysical
concerns will be less important. In a natural ecosystem, the reverse is the case.
The Beanlands and Duinker (1983) study emphasizes the need for more ecological
(biophysical) content in EIA's; in my judgement, this is more appropriate for natu-
ral ecoregions; it is a less appropriate emphasis for urban and agroecosystem areas.
In the urban and agroregions the hearing process will focus its attention on cultu-
ral processes and interactions. The ecological modelling approach or so-called
adaptive environmental management suggested by Hoi ling (1978), may also be more
applicable to natural ecoregions where natural processes predominate with minimal or
with single-purpose human intervention. Simulation models are expensive, tedious
and tend to focus too heavily on biophysical/ecological modelling processes rather
than an integration between abiotic, biotic and cultural subsystems (Fig. 6).
Examples of modelling failures can be found in the Vancouver model already men-
tioned, and in the biophysical components of the North Pickering project study team
of which I was a member. Separate hydrology, traffic noise, economic and demo-
graphic models combined with descriptive resource mapping appear to offer a more
effective format for planning and design of urban infrastructure as was done for

Townsend and the Erin Mills projects (Dorney 1970; 1977). Furthermore, in agroeco-
systems or urban ecosystems where EIA budgets of $10,000-20,000 for small proiects
are the usual amount allocated, such model efforts would be too tedious and too
expensive to justify. Exceptions where modelling is useful include large projects i

such as the Ontario Hydro 500 kv transmission line in Southern Ontario. But even in

this case, judging by current reactions, the issues of aesthetics, land values,
farming practices, and political dynamics far outweigh the biophysical issues, sug-
gesting ecological simulation models or the adaptive environmental assessment con-

cept may have uncertain value for implementation, except for possible "experimental"
in-house use.

In thinking through the EIA land-use issue then, an attempt has been made to

place EIA in various contexts. I believe it can best be seen as one part of a

larger planning process or phase, and as a series of five steps or stages leading
into an environmental protection process or phase (Fig. 1). Without viewing these
planning and protection phases as part of a tightly linked sequence, the preparation
of EIA reports tends to become an academic or "paper" exercise. By sidestepping
particularly the temporal aspect of land use, the ecosystem type, the policy con-

text, and the economic contexts of EIA, credibility can be lost, and project costs

escalated beyond reason. The attendant frustration due to these deficiencies, which

result in delays in approvals and project uncertainty, may eventually result in

repeal of EIA legislation since the end results will be politically, technically and i

socially unsatisfactory to the actors. That is, if the EIA process is not effi-

ciently administered, and implemented without delays, EIA can become part of the

problem and not part of the solution. We will then continue to rely on proven
environmental planning processes implemented under planning acts to assure that the

envr ionmental sciences can contribute to land-use decisions.
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Nonetheless, given these present shortcomings, we are designing and building
projects that are more environmentally sensitive than formerly, and we are under-

taking more thoughtful urban and regional development efforts in Canada because,

starting in 1975, we have incorporated many environmental concerns, biophysical and

cultural, into these developments by using environmental planning and protection
approaches, under both older existing acts, and under new assessment acts and regu-

lations. The future lies in better mediation to facilitate approvals, by training

better environmental managers and scientific specialists, by facilitating approvals,
by influencing policy, and by paying more attention to construction and rehabilita-

tion economics. / When policy issues affecting natural and cultural resources arise,

they can be identified and argued in an appropriate political forum; if we have to

pay more to do a project, at least we should be able to verify that value is

received and to whom; and, when as environmental managers we can identify savings,

we will be alert enough to find these savings and explicitly incorporate them into

the EIA process.
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METHODS AND MODELS OF ECONOMIC IMPACT ASSESSMENT
WITHIN THE CONTEXT OF ENVIRONMENTAL IMPACT ASSESSMENT

Anthony C. Lea
Department of Geography, University of Toronto

and Compusearch, Toronto

INTRODUCTION

This paper selectively surveys the current state-of-the-art in economic impact
assessment (ECIA) with particular reference to the economic component of environmen-
tal impact assessment (EIA) . Although most of the reviewed approaches and methods
have been used within the general context of EIA, a cursory reading of the EIA
literature reveals the ECIA has not reached its highest form in this application.

Indeed, economic considerations in most EIA studies (in both Canada and the
U.S.A.) tend to be underemphasized, dealt with non-rigorously, and in a largely ad

hoc and poorly integrated fashion. It is mainly for this reason that current
practice is not stressed here. In addition, in a paper of the current length,
reasonable justice cannot be done in surveying the family of theory-based and cost-
effective models and approaches which are available and could, and should, be used.

Many theoretical issues and technical details of the methods and models discussed
have been deliberately eschewed so that other problems faced in undertaking ECIA in

the context of EIA may be stressed. Some of the themes selected for inclusion as

well as some of the observations and suggestions made are provocative and are meant
to stimulate debate.

Economic impact assessment will be taken to refer to the prediction and evalu-
ation of effects for which it is reasonable to assign a monetary value. It is in

this rather restricted sense that most work in EIA refers to economic effects,
impacts, and methods - in my view, regrettably. Further defense for this artifical
bounding is provided by the fact that other papers in this volume address aspects
(such as "land use" and "social") which might reasonably be considered to fall under
a heading using the adjective "economic."

It should be noted at the outset that the literature on EcIA is very large
indeed and an order of magnitude larger than the literature on EIA proper. In

keeping with the current de-emphasis of theoretical and technical themes (which
dominate the literature), relatively few references will be made to this literature.
Many of the references cited have long bibliographies. The author has prepared a

more complete bibliography relating to EcIA which is available on request.

The paper starts with a brief survey of the historical context of EcIA. The
general conceptual framework of impact assessment is then characterized. The rest
of the paper is divided into sections which address normative theory and issues and

those which address positive prediction methods. Cost-benefit analysis is used as a

point of reference for the discussion of normative issues. Welfare economics and
distributional value judgements are discussed in some depth because the problems
they raise are not widely discussed in the literature and practice of EIA. This is

followed by an analysis of methods of integrating economic with other impact assess-
ment within EIA. The overview of selected methods of predicting economic impacts
which follows is organized under the headings of simpler, more elaborate methods,
and other methods and problems. The final section is a conclusion.

HISTORICAL CONTEXT

Much, or most, of the literature of positive economics of the past century or
so has, as its ultimate goal, the accurate prediction of the level of one or more
"economic" variables. To the extent that the variables of interest are ones which
should be considered in EIA (and many are: employment effects, wage rates, prices,
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investment, interregional flows of goods and services, and so on), this literature
is relevant. However, typically only a small part of this literature deals directly
with operational forecasting and evaluation of effects of "projects" under realistic
constraints of available data, budget, manpower and expertise, etc., and at a sub-
national (or regional) level of spatial disaggregation - the setting of almost all

EIA studies. "Applied methods" for regional analysis such as economic base (multi-
plier) and local or regional input-output analyses will be stressed in the present
paper

.

In contrast with positive economics, which deals with "what is" or "what will
be", normative economics deals with the difficult "should be" and "ought to be"
questions which can never be reduced to objective observation and measurement, fact,
or "science." Quite naturally, applied welfare economics has been dominated by work
on cost-benefit analysis, (CBA), and related methods for evaluating investment pro-
jects and ultimately selecting desirable ones. The more important and fundamental
debates which have occurred in the last decade among the more informed practitioners
of EIA are essentially the same as those which have occurred throughout the last

century in welfare economics. This is rather ironic when it is considered that the
greatest stimulus for the development of comprehensive environmental (read "total")
impact assessment and evaluation methods came from the wide-spread dissatisfaction
with CBA - at least as it was commonly applied, especially in the late 1950's and in

the 1960's.

For a variety of understandable and lamentable reasons, most of the early
project impact assessments were confined to formal analysis of effects which were
relatively easily measured and expressable in monetary terms, even when the vari-
ables most dramatically and persistently affected by the projects fell outside this
small set. Environmental considerations were included only to the extent that some
monetary use values could be reasonably imputed. The total social, or human, impact

of projects was often assumed ( implicity) to be captured by dealing with changed

travel times, wage rates, property values, revenues generated in increased recrea-
tion and so forth. Most of these impact assessments were called "cost-benefit
analyses". The strong criticism they received, especially by environmentalists and

humanists, tended to give CBA (and implicitly the theoretical and conceptual frame-

work upon which CBA is based) a bad name.

The responses to the apparent deficiencies of CBA can be classified into three

groups. One extreme reaction was to attribute the problem to quantification and/or

quantifiers and to promote detailed verbal appraisals stressing enviromental and

human issues. Another response was to include discussions and subjective evalua-

tions of non-quant if iable impacts within the traditional CBA format; frequently this

has been in the form of appendices. It is important to note that all recent exposi-

tions of CBA stress that non-monet ary effects must be included as integral parts of

the analysis (although it is often less than clear how this should be done). See,

for example, Canadian Treasury Board (1976), Mishan (1976), and McAllister (1980).

Perhaps the most common sentiment was to seek new evaluation methods - enviromental
and social evaluation methods - which eschewed use of a monetary numeraire and were

capable of dealing with any variables deemed to be relevant. It is in the develop-

ment and use of such methods that the fundamental problems of welfare economics

should be squarely faced.

THE CONCEPTUAL FRAMEWORK OF EIA AND COST-BENEFIT ANALYSIS

COST-BENEFIT ANALYSIS

Cost-benefit analysis provides an important conceptual framework for the

strongly normative components of impact assessment studies but says little about

which specific variables should be base-lined and projected, nor how the projection,

or forecasting, should be done. Outside the recent literature on EIA and especially

in economics, the literature on projection and forecasting approaches and methods

tends to be quite separate from that on CBA and other methods of evaluation. In the

present paper, these topics will also be treated separately although it is expli-

citly recognized that evaluative models must make use of the results of projections.

When the projected variables are in monetary units, evaluation can proceed at once.

When they are not, another conversion step is required or else the basis of the
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evaluation must change. To appreciate the nature of the evaluation task, it is

helpful to review the framework of CBA.

The basis of CBA is a systematic comparison of all project or policy-related
costs and benefits. The costs are not just physical construction and similar
tangible costs, but must include all social costs attributable to the project.
Whereas the tangible costs are relatively easily measured in dollar terms, many of

the social, indirect, costs (such as those relating to poorer air or water quality,
the mental anguish attributable to noise during the construction phase, etc.) are

not. Every effort must be made to impute a monetary value to these costs so that
total costs include all those borne by individuals in society in one way or another.
Similarly, the benefits are to be broadly defined to include all positive effects on
all members of society and are to be measured or estimated in monetary units.
Typically, fewer benefits than costs are measured "naturally” in dollars, so that

more ingenuity in imputing dollar values is- required on the benefit side of the

balance sheet. Costs and benefits are to be estimated for the time period in which
the project commences and future time periods. Good theory and forecasting methods
are required for the latter but these are typically not addressed within the CBA
literature.

The stream of future costs and benefits is then discounted to present value

terms so that they may be compared. The discounting is required in order to justify
the addition of values because it is widely believed that a dollar payable further
into the future is worth less than one payable today, or tomorrow. The evaluation
of the impacts of the project is then based on two values expressed in monetary
units - total costs and total benefits. Although there are several different
criteria to be applied under different circumstances, in general a project or policy
should proceed if its benefit present value exceeds its cost present value by more
than other projects or policies designed to achieve the same ends. As was noted
above, any effects which cannot be reasonably measured in monetary terms should
somehow be taken into account in qualifying the formal cost-benefit calculus
described above and therefore affecting the final judgement. Although the procedure
described above sounds simple enough, there are many problems and pitfalls in

addition to those normally associated with gathering data, undertaking measurements,
and so on. They will not be reviewed here. Good discussions are found in Canada
Treasury Board (1976), Mishan (1976), Conopask and Reynolds (1977) and McAllister
(1980).

NORMATIVE THEORY AND WELFARE ECONOMICS: SOME PROBLEMS AND PROSPECTS

Unlike almost all other impact assessment approaches or methods, CBA rests on
a well-developed (but not necessarily agreeable) normative theory - modern welfare
economics (Mishan 1976). It is instructive to set out the "normative problem" and

to indicate how welfare economics and CBA deal with it. The motivation for this

discussion is to suggest that impact assessment methods which are not based on a CBA
conceptual framework are very likely to be lacking and may even be counter-
productive by leading practitioners and readers to believe that the fundamental
problem of undertaking social evaluations has been solved. This is not to suggest
that CBA (or even welfare economics) has solved these problems and therefore is the
only good or legitimate method, but rather that the conceptual framework forces
recognition of the necessity of making strong value judgements - explicitly.
Indeed, CBA as commonly practiced has a number of important flaws which will be
noted, if only briefly.

As a first step in appreciating the "social welfare" problem, it must be
recognized that it is not possible to measure social welfare or total social costs
or benefits directly. Society is a concept; societies do not act or decide and they
cannot be directly observed or questioned. To assert that one believes a particular
project is good, or bad, for "society" is unhelpful and is one reason why political
debate is so frustrating and often unproductive. Welfare economics holds that
social welfare must be conceptualized as some appropriate aggregation of individual
welfares or "utilities". Recognizing that society cannot be dealt with directly, it

is hard to take issue with this. The two-pronged welfare or normative problem can
then be stated in the form of two questions:
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1. How should the value of any particular change to an individual be
"assessed" - or, if one is realistic in confronting the real
problem - "measured?"

2. Given that problem 1 has been resolved, how should the separate
and possibly incommensurate values of individuals be compared,
reconciled, - or, if one is realistic- aggregated?

Although it is clear that these questions cannot adequately be discussed, much
less fully answered here, some of these issues will be raised below.

THE PROBLEM OF INDIVIDUAL WELFARE

Following microeconomics, welfare economics holds that individuals derive
utility from consumption of goods and services. Individuals are assumed to be
rational, consistent, and self-interested, making choices as if these arose from an
optimization of utility functions subject to personal budget constraints relating to
scarce resources (time and money). Utility functions specify preference structures
in such a way as to allow trade-offs among the competing uses of scarce resources in

satisfying wants. Individuals are assumed to be better off in selecting action/good
A over B when both A and B could have been selected, but A was selected. If a

person makes use of a new bridge, he is assumed to be better off (at least in travel
terms) with the bridge than without it. Individuals are assumed to know their wants
(needs) and, within budget constraints, to act to achieve these. To simplify
matters, and as a concession to real world market economies, the value that indi-
viduals place on things is not expressed in utility units but rather in monetary
units, e.g., dollars. This is operationalized as the amount of money individuals
are willing to pay for the good or service. There is nothing sacred about dollars -

loaves of bread, or beads, could serve the same function as a common base, or
numeraire.

If there were no incentives jior incorrect revelation of preferences (unfor-
tunately there often are, especially for public goods and goods and services with
associated externalities), appropriate values could be obtained by posing questions
relating to people's willingness-to-pay for goods and services or willingness-to-pay
to avoid bads. When a person voluntarily pays $X for something, we are safe in

assuming that the good is worth at least $X to him/her. As will be stressed below,

this does not necessarily mean it is worth at least $X to society. When goods are
priced, and in fact even when they are not, the concept of consumer surplus is a

very helpful one in dealing with the issue emphasized by the "at least" above. A
person tends to be willing to pay more for a good when he has none than when he has
a great deal of it already. The concept of consumer surplus allows at least a fair
approximation of the true "willingness-to-pay" value of consuming a particular
quantity of any good or service, when it is correctly defined and measured.

Thus, the solution is based on obtaining willingness-to-pay information for

all relevant dimensions of a project for all impacted or potentially impacted
persons in the best way available. Nothing has been said yet about how this infor-
mation should be used in evaluation; this critical issue is taken up below after the

criticisms of the individual evaluation solution are discussed.

CRITICISMS

The most common criticism of this solution to the first part of the welfare
problem is that monetary units are not very appropriate for many of the things

people value, such as: birds, clean air, sunshine, risk-free environments, and life

itself. It is hard to disagree with this. A helpful solution would satisfy at

least the following two requirements: some common units of evaluation, and a method

whereby these units could be compared and ultimately jointly evaluated in a rigorous

manner. Unfortunately, but not suprisingly, those who stress this deficiency of the

use of a single (monetary) numeraire have yet to propose a satisfactory alternative

solution to this fundamental measurement and evaluation problem. The better evalua-

tive methods end up using some numeraire. (See, for example, Dee et al. ( 1973);
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Hill (1973); Lichfield (1975); Schaenman (1976); Jain _et_ (1977); Olsen and

Merwin (1977); Sassone (1977); Van Delft and Nijkamp (1977); Sondheim (1978); and

McAllister (1980), and the approaches described by Whitney and Maclaren in this

volume)

.

The second most common criticism is that even if the use of monetary values is

not repugnant in principle, it may be non-operat ional in practice. For example, it

is unclear how a meaningful individual dollar value could be placed on such amen-
ities as clean air, water, flora, fauna, a natural habitat, and so on (see Wingo

1977; and Susskind and Dunlop 1981). Yet, economists have been very clever in

devising good ways of estimating, or "imputing" values for many of these types of

"goods and services." Good discussions are found in: Nash (1978); Freeman (1979b);

McAllister (1980); Nelson (1980); and especially in Hyman (1981).

Sometimes the wil lingness-to-pay for similar,--err complementary goods that are

priced can be used. Sometimes the willingness to pay for a whole package of amen-

ities, such as a house, can be used to infer a (hedonic) price for unpriced compo-

nents of the environment in which the house is situated (Freeman, 1979a). Also,

willingness-to-pay for facilities to which the individuals must travel in order to

"consume", for example, parks, can be inferred from the willingness to pay for

travel to them, (Cesario and Knetch, 1976). The literature describing these

indirect evaluation methods is extremely interesting and provides evidence that

progress is still being made in improving the tools in the relatively small kit bag

which is available for use on applied impact and evaluation problems.

THE PROBLEM OF SOCIAL WELFARE: DISTRIBUTIONAL VALUE JUDGEMENTS

We turn now to the necessarily longer discussion of the second, and more
difficult, normative problem, how to compare, reconcile, and aggregate the diverse
impacts on the values of all members of society. First, it is clear that in

practice it is not possible to include all members of society directly in any model
- evaluative or otherwise. Some aggregation must take place and this should depend
on the context. It could be done by income group, occupation, age, location with
respect to the project, car ownership, etc., or any combination of these and similar
classif icatory variables. Although theory suggests that such aggregation should
attempt to gather together individuals who have the most similar preference struc-
tures with respect to the key dimensions of the project and suggests some methods
for doing this, there is no complete guide. The present discussion will proceed as

if individuals are to serve as the operational building block. Second, it is

important to distinguish between short-run effects and affected groups and long-run
effects and affected groups. The issue here is whether future effects should be
discounted and, if so, at what rate. The long and esoteric debate on these issues
will not be reviewed. However, following a discussion of the problem of social
evaluation, which is tricky enough without the complication of intertemporal consi-
derations, a few issues relating to the discounting of future effects will be noted.

In welfare economics, which underpins CBA, the welfare of society is held to
increase when one member of it is made better off provided no other member is made
worse off. Welfare is maximal when no one can be made better off without making
someone else worse off. This is called the Pareto norm, or criterion for welfare
maximization. Such a criterion may appear at once too abstract or general, and too

restrictive and unhelpful, but when it is pitted against the alternatives which have
arisen over the years, it is generally regarded as the least objectionable. The
goal in selecting policies/projects and qualities of both can be conceptualized as

one of maximizing a social welfare function (SWF), subject to societal resource
(e.g. public purse) budget constraints. Although in analyt ical/ theoretical work the
precise functional form of this SWF need not be specified in order to derive inter-
esting results, in applied work it must be specified, at least implicitly. A
general form is an additive function with each term to be added a measure of
"welfare weighted" individual utility. The welfare weights in this formulation are
effectively individuals' marginal utilities of money or income. Thus, if a poor
person placed the same value on an additional dollar as a rich person placed on
five dollars, the poor person's utility would receive a weight 5 times larger than
the rich person. This seems fair.
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Unfortunately, neither the utilities nor the welfare weights are directly
observable, or measurable. The problem of utility is handled by having recourse to
monetary imputations of (changes in) costs and benefits. This is relatively uncon-
tentious if one has accepted the "dollar as numeraire" argument. The most fundamen-
tal problem is associated with the welfare weights to be used in the SWF. It is

conceivable that, if asked, every person in society would assign a different set of
weights to every member in society (possibly with their own weight the largest).
Whose set of weights should be used? The Prime Minister's? Some average (?)
Canadian's? The analyst's? Theoretical welfare economists, wishing to be as

"objective" as possible have hypothesized a deus ex machina - the "beneficial
dictator" or "omniscient dispassionate referee" whose unknown weights would be used.
Impact assessors are not so lucky. Of course, it is possible to argue that the
welfare weights should be based on considerations other than (or possibly in addi-
tion to) the fugitive individual marginal utilities of income. However, any such
weights would be very difficult to defend in the face of critical opposition.

The problem boils down to the lack of theory or agreement as to the optimal
distribution of income in society. The best philosophers, ethicists, social theore-
ticians, economists, and others have attacked this problem over the centuries - all
more or less unsuccessfully. It is unfortunate, but true, that in order to
evaluate a project or policy in the way in which both EcIAs and EIAs seek to do,

some (purely) subjective value judgement must be made by the assessors. Thus,
despite all the apparently rigorous scientific and objective guidelines in CBA
manuals and similar works, the ultimate evaluative figure one obtains and therefore
the decision one makes, (e.g. "go", or "no go") is deeply affected by a subjective
and somewhat arbitrary assumptionm or judgement which cannot be avoided.

The point has been belaboured and will be discussed further below for two
reasons. First it is fundamentally important to recognize this as a problem.
Second, it is the present author's impression after reading a good deal of the EIA
literature, that the conclusion is not widely known or, if known, its implications
are not widely recognized or acted upon.

DISTRIBUTIONAL VALUE JUDGEMENTS IN CONVENTIONAL CBA

It is expedient to start the discussion of "solutions" to the problem of

assessing social welfare with a discussion of how this issue is treated in conven-
tional CBA. Unfortunately, some informed people still believe that the use of CBA
somehow avoids the problem of having to make strong distributional judgements.

Conventional CBA proposes that all wil lingness-to-pay of all relevant members
of society simply be summed. This considerably simplifies computation and appears
to be fair by treating every individual with the same yardstick (wil lingness-to-pay
in dollar terms). All welfare weights are taken to be equal as well as equal to

unity. Recalling that welfare economic theory requires that these weights be set to

marginal utilities of income, it is clear that equal weights imply the assumption of

equal marginal utilities of income. Considered in a different way, people's
willingnesses-to-pay, which are clearly influenced by the amount of money at their

disposal, are taken as the building blocks of true social values. The social value
of gains and losses is derived from stated, revealed, or imputed individual values
which are conditioned by both preferences and economic status.

Thus, in conventional CBA applications, market-based or market-simulated value
statements are taken directly as the building blocks for social value statements.

The Pareto optimality of the perfectly competitive allocation problem, and the

recognition that the existing distribution of income in society is a fact, are often
used to justify this procedure. Nevertheless, a strong (as strong as any other, in

my view), and potentially contentious value judgement is involved. Unfortunately,
it is too infrequently stated or realized by practitioners and others that using CBA
as the sole basis for evaluative decision-making accepts the existing distribution

of income in society as more than fact; indeed, it is implicitly (seldom explicitly)
considered to be ethically optimal. CBA proponents become uncomfortable when they

think about this.
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If statements of wil lingness-to-pay are directly summed, there is a potential
bias toward evaluating certain projects as better than others. The better projects

I will tend to be those which support the status quo income distribution in giving
substantial net benefits to economically advantaged persons and groups. If, as is

widely believed, lower income persons have a greater marginal utility of money than
higher income persons, then their wil lingness-to-pay statements will receive less

weight in the evaluation than they would if weights based on marginal utilities of

income were used.

Recognizing the overall problem of income distribution, some cost-benefit
analysts have suggested that CBA serve as only the first step in a final evaluation
process in which compensation of losers by gainers would be addressed by the

political process. Although this suggestion is better than ignoring distributional
issues, it does not speak to the criticism raised above. Using this procedure, it

is quite possible to accept an inferior project as tjie best (because distributional
considerations were not considered at the same time as allocational considerations)
and then enter into a debate as to how the (smaller) pie should be shared.

I should add at this point that the assumption of equal weights permitting a

simple summation of costs and of benefits is not required in CBA as is often
assumed. The conceptual framework of CBA allows any sets of weights to be used.
Welfare economic theory suggests what these weights should be - if only we could
measure them objectively. I believe that equal weights have been commonly used

because analysis is considerably simplified and analysts are saved from an explicit
discussion of distributional issues.

Another criticism of CBA and related studies is that often little, or no,

space is given to clarifying what distributional judgement is being made. This is

more a criticism of the document, or of the assessors, than of CBA or its conceptual
framework. In contrast, most other EIA methods and assessors give little, or no,

space to clarifying distributional iudgements because this issue is simply not

problematized by the method or the assessors.

PROBLEMS OF INTERTEMPORAL WEIGHTING

It was noted earlier that, in CBA, costs and benefits expected in the future
are discounted to present value before they are summed. In the present context,
since different people and groups may be affected at different points in time, the

welfare weight problem raises its ugly head again. Again CBA uses the simple rule
that all affected parties are weighted equally, a priori. A discount formula is

applied to all future impacts - with the value of the discount factor varying only
with the length of time from the present and not over different affected persons or
groups

.

It should be stressed that these simple rules are not required by CBA or
welfare economic theory. Theory states that weights be applied to all arguments in
the SWF to make the values commensurate so that they can be summed. This theory
does not provide a firm set of operational rules to be used to determine these
weights, nor does any other theory to my knowledge. The simple rules are used for
•expediency; requiring analysts to use different welfare weights and discount rates
for persons or groups affected at different times would be unreasonable, given the
lack of theory and operational method of measurement. The use of a single discount
rate for all effects and for all affected persons or groups is, of course, an
extremely simple solution to a very complex problem. If better theory and measure-
ment methods were available, there is little question that analysts would sleep much
better using different rates for different effects and affected groups.

The advantage of using the general conceptual framework of CBA is that the
researcher is forced into recognizing not only the problem but also that any parti-
cular solution to it requires a strong value judgement. The overall problem is a

celebrated one in a large literature on CBA and applied welfare economics. Even
though no clean and simple solutions come out of this long debate, an awareness of
the various positions and arguments should certainly help any EIA assessor in making
informed choices with respect to both method and details of analysis.
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A review of the literature on discounting reveals at least three distinctive
positions on what sort of thinking should underlie the selection of a single dis-
count rate. In addition, some interesting and persuasive arguments have been devel-
oped claiming that, in many cases, discounting should not be applied. The theory to
which one subscribes can make a significant difference in the discount rate used -

and variations of only 2 or 3 percentage points can make the difference between
accepting, or rejecting, many large-scale projects. The projects whose "bottom
lines" are most sensitive to discount rate variations are those for which the bene-
fits and costs coincide least over time. In general, lower rates of discount,
including a zero rate, will increase the likelihood of approving long-term capital
intensive projects, whereas high rates will have the opposite effects. A simple,
but good, discussion of these issues can be found in Chapter 7 of McAllister (1980).

There seems to be general agreement that the values of future effects should
be discounted to present values using the same rate. The three principal views of

the correct basis for the rate can be summarized as follows. The first group holds
that the time preference of taxpayers, or consumers, should be used. This would be
based on observations of the rates at which individuals are willing to invest in
their own futures. The second view is that a social, or collective, time preference
should be used. This rate should represent society's willingness to invest in the
future of society - i.e., future generations. It is argued that society collec-
tively should be willing to invest in situations in which individual members of
society would not - so that a relatively low discount rate is advocated. The third
group (typically fiscal conservatives) argues that the rate should be based on the
social opportunity cost of capital. Public projects should have to compete with
private firms' investment options since any use of funds for public projects uses
money which could have been invested (perhaps more profitably) by the private
sector.

It is my own belief that none of these bases for discount rate determination
is appropriate for all projects and in all circumstances. Most commonly, some
average rate, taking into account all three lines of thinking, should be used.
Using several different rates to .determine if the conclusion changes is also a wise
strategy.

When a standard discount rate of the order of 5-10% is applied, the discounted
values of effects expected beyond, say, 30 years become very small indeed. Even
large effects on future generations, 100 or 200 years hence, become very small and

inconsequential. A strong case can be made that effectively ignoring such long-term
effects is unreasonable and inappropriate, especially when the projects being evalu-
ated are expected to have significant long-term environmental impacts. If the

effects on future generations are to be included in the evaluation, they should not
be discounted, or at least not at the same rate as that used to discount future
effects on present generations. The problem then is how to handle them? How far

into the future should effects on future generations be taken into account? If one
believes that effects on future generations should not be effectively ignored, pro-

bably the best way of handling them is to report the estimated undiscounted effects

on future generations (perhaps under different assumptions as to how many genera-
tions), separately from the discounted effects on present generations in a CBA. It

would then be left to politicians to deal with the trade-off between present and

future generations explicitly. If separate subtotals were given, then politicians
could use different welfare weights to trade them off and make a decision.

The argument that discounting be applied to future effects on the present
generation of society is still a very compelling one. I believe that the general

notion of future discounting is an important contribution of CBA and applied welfare
economic theory which has been ignored all too frequently by proponents of new EIA

methods. Both individuals and society (as represented by the State) are simply un-

willing to evaluate a cost or benefit in the future (say, 10 years hence) as being

equivalent to one incurred today, or tomorrow. Why this is the case is easily
understood. Unlike future generations, the present one is alive today and represen-

ted by the political process. If we assume that individuals are more or less

rational and that collective choice is seldom downright irrational, we simple cannot

sweep discounting under the rug even if it forces us to make a difficult judgement

about which discount rate(s) to use.
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OTHER SOLUTIONS TO THE PROBLEM OF DISTRIBUTIONAL JUDGEMENTS

The general CBA conceptual framework is based on welfare economic theory.
Discussions of CBA have recourse to this theory. The theory suggests what the

underpinnings of simple operational rules-of-thumb which tend to be used in practice
should be even if it does not suggest how we can measure them. Better discussions
of CBA and its underlying theory necessarily problematize the issue of distribu-

j

tional value judgements and point out that the conventional approach to CBA requires

a strong distributional judgement (e.g. Mishan 1976). In my view, the tremendous

;

advantage of this general conceptual framework is not diminished by the fact that

simple contentious rules have frequently been used in particular applications. With
this in mind, let us review some of the ways which have been considered for

|

obtaining welfare weights when these are not all assumed to be equal.

Most studies are undertaken for particular pubil c or private agencies. It is

argued that these agencies should supply the required value judgements. Typically,
however, these agencies are unwilling to be sufficiently explicit regarding the

delicate issue of who should win, who should lose, and by how much. Since the

agency itself can have no weights, there is a problem of whose weights are to be

used. Recognizing that there is no a priori reason to expect an agency (or really
any of its members) to have the same set of preferences as "society", or be able to

simulate accurate social preferences, it has been suggested that the judgements be
obtained from parliament, congress, or "the government." There are many problems
with this. For good reason, politicians are simply unwilling to set out, on paper
or even verbally, just how much the welfare of each person, or type or class of

person, means to them. Some researchers have tried to infer the SWF by observing
decisions made by governments in the (recent) past. Although a review of decisions
certainly provides some evidence of orders of magnitudes of welfare weights, the

details of each decision are sufficiently multidimensional and unique to pose severe
inferential problems. A completely specified SWF remains elusive.

Wishing to avoid the political arena, it has been suggested that the appro-
priate weights should come from some average, or typical, member of society. The
problem then shifts to how such a person could, or should, be identified. Should it

be an average person in the census statistical sense? What variables should be

used? What geographical region, or town, should be used? However, census variables
do not fully capture preference structures and a massive survey would be required.
The same general problems are associated with the suggestion that an "expert" (on

distributional judgements) be sought.

One of the most common approaches suggested in the EIA literature is the
public opinion survey. In such sample surveys, members of the public are asked to
weight the importance to them of certain variables likely to be affected by the

project. The first criticism of this approach is that welfare weights can not be
obtained directly; rather, the SWF still must be inferred from the importance
assigned to arbitrary groups of considerations or impacts. Second, how should the
survey responses of individuals be weighted? It can be argued that the common use
of equal weights is fundamentally indefensible. The third difficulty relates to how
the questions are actually posed. For example, if rankings are requested, how does
one go from ordinal data to the interval/ratio weights required? It is probably un-

reasonable to expect people to be able to give interval/ratio weights directly. The
last problem to be noted is one that tends to be poorly perceived in the EIA litera-
ture: what groups in society should be surveyed? (see Jaakson, this volume). It is

distressingly common to find that only people in the area of direct impacts - typi-
cally negative impacts - are surveyed. Since the goal is to obtain a social welfare
function and not a function relating to a particular group with a very strong incen-
tive to misrepresent their preferences (a misrepresentation may help their desired
outcome), such an approach is misdirected and counterproductive. It could be help-
ful if its purpose was only to gain an idea of the relative strength of preference
of the most strongly affected group - for example, to help measure social costs.

The insurmountable problems associated with the approaches surveyed above have
led many fearful would-be assessors to suggest that the task of impact assessment
should stop short of a true evaluation, or at least an evaluation giving rise to a

single "bottom line". Professionals and experts would select diagnostic variables
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and project them into the future under a variety of alternative defensible assump-
tions. The estimates of effects, possibly not all in monetary values, would be
given to politicians and bureaucrats. Others suggest that some partial evaluation
be undertaken. Partial evaluation would involve estimating dollar-valued costs and

benefits for different groups in society and different time periods with no attempt
being made to weight and sum these. Politicians and their advisors would then be
required to use their own value judgements in deciding on the fate of projects -

something which they are, after all, being paid to do and, in fact, tend to end up
doing anyway.

If politicians are willing to accept this responsibility and to commission
impact studies which do not require a bottom line, or full evaluative conclusion,
then I think that this is the best overall solution. Unfortunately, it is almost
always the case that politicians commission studies in which the bottom line conclu-
sions are clearly required.

Governments and public and private agencies tend to subcontract impact studies
|

- defined to include evaluation - to provide non-partisan, professional, and "rela-
tively objective" guidance; or, more cynically, to take the heat off themselves.
The dilemma is clear: although the judgements must be made to reach a decision, no
one wants to make them explicit. Under these circumstances, a reasonable and

prudent way for impact assessors to proceed would be to use a range of, say, five or

so sets of weights. A relatively simple description of the distributional implica-
tions of each set of weights would be given and then each set would be used in

evaluation (possibly giving rise to different conclusions). Although it would still

be difficult to select five sets of weights, this approach has the merit of taking
much of the pressure off assessors and also providing political decision-makers with
evaluations based on weights, one set of which may come close to representing their
own views. It should be easier to reach a decision.

The general message from the foregoing discussion for EIA assessors is that

evaluation is not a simple matter and not nearly as simple as suggested by many of

the "methods" or "approaches" in common use. Some subjective distributional value
judgements are absolutely necessary if a firm evaluative conclusion is to be

reached. CBA should be neither embraced uncritically nor rejected out-of-hand - two
decisions which seem surprisingly common. At least the general conceptual framework
of CBA and its welfare economic theoretical underpinning should be used to create a

mind-set, or serve as an overall guide for the evaluation dimension of EIA. It

would be wise for EIA practitioners to review the EIA methods and approaches in

common use and consider whether they should be rejected or modified to accommodate,
or better accommodate, the distributional judgements which have been the subject of

discussion above. Such a reconsideration should at least cause assessors to reject
methods which are overly simple, naive, or wrong in favour of better methods. It

should also have the desirable effect of causing assessors to face the necessary
subjective judgements self-consciously, explicitly, and with trepidation, rather

!

than with unrepresentative sample surveys of the views of small groups of people in

the most affected neighbourhoods. After such a re-evaluation, it is likely that the

EIA methods proposed and used would look more like CBA, but without the problemati-

cal features of this tool.

EIA, ECONOMIC FACTORS AND PROBLEMS OF INTEGRATION

The evaluation of economic factors tends to be more straightforward than that

of non-economic factors. Individual costs and benefits are measured in present

values or current dollars. If it is assumed that a dollar has the same real value

to each person (equal weights are used), total (social) costs and total (social)

benefits are simply found as the sum of individuals' dollar imputations. There is I

little question that this approach is least contentious when it is applied to purely 1

economic variables. In my view, it is the best way of dealing with these economic

considerations if there is insufficient time, money, or agreement to search for

different weights.

EIA's, however, by their very nature must deal with many non-purely economic

factors. How should these be measured and evaluated? It is clear that a complete
|
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answer to this question goes well beyond the scope of this paper. Nevertheless, to

the extent that the answer impinges upon the way in which economic considerations
are handled, the question will be briefly addressed. The most obvious alternative

approaches to integration will be described and discussed.

The first approach is to use monetary values and the CBA method for all

factors - ecosystem, social, cultural, etc. This approach has the advantage of

dealing with all factors in a common way so that integration is ensured. However,

this approach is no longer common. Great difficulties are faced in measuring most
non-economic variables in monetary terms. Indeed, this was done so unselfcon-

sciously in many of the early (CBA) studies that even if it were possible, or

reasonable, such an approach would be very likely rejected in the 1980's. In many
circles, any estimates in dollar terms, even of economic impacts, are greeted with

great suspicion. Of course, some skepticism is healthy if it leads to constructive
criticism and re-estimation. In my view, the current "anti-monetary" and, to some

extent, "anti-quantitative" backlash is lamentable and largely counter-productive.

The other polar approach is to argue that since non-economic factors cannot
easily or validly be measured at a high level of measurement and in monetary terms,

it is best to avoid monetary units altogether. To the extent that consistency and

integration is valued, it is achieved by dealing with all factors in the same way.

A common unit of value is implicit and usually derives from a public opinion survey.

One of the more rigorous approaches with this motivation is the well-know Bat telle
method (Dee et al. 1973). Other reasonable approaches are based on the use of

various environmental and social indicators. (See, for example, Schaenman 1976;

Olsen and Merwin 1977). A strong case can be made that a well-conceived method like

this, based on preference or value weights, has much merit when used for non-

economic considerations. However, they are widely used to deal with all factors

including economic ones. If the motivation for this extension is consistency and

integration, it can be appreciated. If it is based on a desire to avoid monetary
values per se, it is misdirected. A perusal of EIA's which have dealt with economic
factors without recourse to monetary values suggests that these factors could be
handled much more rigorously and completely using a CBA framework. To some extent,
then, the baby seems to have been thrown out with the bath water.

Other EIA methods, or "non-methods", abound that deal with each factor
separately, making no reasonable attempt to integrate them. They are not worth
discussion.

The final obvious possibility to be considered is the one that I would tend to
recommend for most EIA studies which must cope with non-trivial proportions of both
economic and non-economic factors. This approach would feature CBA for all factors
that are reasonably quantified in monetary terms, and one of the better preference
value-weighting, or indicator-based approaches used consistently for all other
factors. This approach has the merit of doing the best we can with each type of

factor and avoids offending those who are turned off by monetarizing environmental,
social, and cultural factors. A big problem, of course, is how to integrate the two
major substudies at the end of the day.

This problem is not qualitatively more difficult or contentious than that of
obtaining the value judgements which must be included in each of the separate com-
ponent evaluations. What is required is a trade-off judgement between a bottom-line
economic conclusion and a bottom-line non-economic conclusion. Only if one reads
"go" and the other reads "no go" would such a difficult trade-off judgement be
required. In such cases, it would be wise to search for the critical weights which,
when applied to the two bottom-line values, change the overall conclusion. Then
each reader can ask on which side of the critical weighting scheme his/her own
weighting would fall.

This proposed solution is not at odds with the best recent descriptions of
CBA. These always suggest non-economic considerations be embraced. I am simply
suggesting that these be embraced using a perhaps modified version of one of the
better existing EIA methods.
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PREDICTING ECONOMIC IMPACTS

In this second, and shorter, part of the paper we turn to the problem of

predicting the future values of economic variables affected by one or more of the
alternatives. Although I hesitate to suggest that this problem is simpler than
those addressed above, it is certainly far less burdened by profound ethical ques-
tions. Further, and unlike normative judgements, we can evaluate which prediction
or projection methods were best, in any particular application, at least with the j

benefit of hindsight. The best method of predicting is that which combines the best
combination of:

1. being accurate;
2. being theoretically sound;

3. making good use of existing data and requiring minimal
collection of specialized data;

4. being inexpensive to apply; and

3. being relatively easy to understand and defend.

Unfortunately, all these criteria are unlikely to be optimized simultaneously with a

single method; for example, typically more accurate and theoretically sound methods
are more expensive and less easily understood. This problem is discussed in more
detail by Whitney and Maclaren in this volume. However, the trade-off judgements
required here are much more tangible and understood than those required above.
Assessors are fortunate in having available a number of different, and more or less
theoretically sound, methods and models for economic effect forecasting from which
to choose. Also, many of the properties of these methods relating to the criteria
noted above are known.

There are other reasons why the prediction of economic effects is among the
more simple of the difficult tasks in any EIA. First, these variables are usually
adequately captured using quantitative measures and statistics. The better pre-
diction models are clearly specified and quantitative. Second, in comparison with
other factors, good economic data- are generally available in time series, in cross-
sectional form, and for relatively small regions. Some of the more common and

better methods of predicting will be briefly surveyed under the two headings of

"simpler methods" and "more elaborate methods".

Simpler methods of predicting economic effects

Perhaps the simplest reasonable approach to forecasting economic impacts is

through the use of analogy. Here an attempt is made to find a similar project or

policy brought into being recently and in a similar environment. For this analogy,
or set of analogous cases, inferences are made as to the effects of the project or

policy. Then, it is assumed that the same types of effects would take place with
the present policy. The first major problem confronted here is finding appropriate

j

analogies. Few projects are well documented in the literature and it is unlikely
that good analogies are to be found in a literature search even if it includes j

government publications. Second, in order to infer the effects of the project, some

forecast must be made of conditions without the project; this could require finding
another analogy to use as a "control". Third, and perhaps most troublesome, is the i

fact that it must be assumed that the processes at work in the present situation
will be qualitatively identical to the analogy.

A second simple approach is to ask an expert, or set of experts, to project
the economic impacts. In the case of a set of experts, it would be wise to make use

of a delphi or similar consensus-generating method. This approach may have consi- J

derable merit in cases in which there is tremendous complexity and/or when time or

money for a thorough study is limited.

A third simple approach is based upon the use of multivariate statistical
models such as multiple regression. In this approach, several key economic vari-

ables, or indicators, are identified. Treating each as the dependent variable,

independent variables are sought which are themselves either knowable or more easily

forecast. The model or models are then statistically estimated using data relating
to one or more analogous situations. The effects of the alternative projects are
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then simulated by altering values of the independent variables and observing changes
in the computed dependent variable values. When these models are such that depen-
dent variables in one equation are independent in other equations, the approach is

labelled "econometric" and is no longer simple. A problem with the simpler models
is that they tend to be very partial pictures of very complex systems. Often the

explanatory variables which are available are poor proxies for the variables which
theory suggests should be used. Models of this type tend to be misspecified and

violate other assumptions of inferential regression analysis. Finally, they are

suitable only in cases in which there are just a few key variables to be projected.

The fourth method is also a partial one which is suited to a few economic-type
variables that can be reasonably assumed to be optimized within the system. This
method makes use of relatively simple mathematical programming models in which an
objective function is optimized, subject to constraint equations, or inequalities.
The simplest of such programming methods is linear programming. In this method, the

objective function and the constraints are linear (additive series of terms with
coefficients). These models have been used to forecast traffic and goods flows, the

allocation of people to houses, job seekers to jobs, and so forth. Unfortunately,
even for variables in which there are strong optimization tendencies, the model out-
puts tend to be very crude approximations of actual behaviour. Further, most real-
world allocation problems are not realistically captured using linear functions, and

nonlinear programs quickly become expensive to "run", or are, in fact, intractable.
Although complex mathematical programming-based methods have been used in impact
assessment, they will be treated no further here.

Economic base methods

None of the above methods is highly recommended as being more general or for
all projects and contexts. Economic base methods are among the most widely used in

EcIA and are recommended as being more general than the above methods, as well as

being relatively accurate, theoretically sound, economical with data and cost effec-
tive. They have been in constant use since the 1940's. Since they are dealt with
thoroughly in standard reference works including Isard (1960), Krueckeberg and
Silvers (1974), Hoover (1975), Paelinck and Nijkamp (1976), Oppenheim (1979) and
Pleeter (1980a), they will be characterized only briefly here. Two published
Canadian applications of these methods are found in Harvey (1968) and Foster and
Harvey (1976).

Economic base theory is based upon the distinction between basic (or export)
activities and non-basic (or service) activities. Basic activities are those which
sell their outputs to buyers who live outside the region of interest. Non-basic ac-
tivities are those which sell their outputs to buyers inside the region of interest.
Activities which sell to both can be considered to be divided between both groups.
A mine, a furniture manufacturer, and a motel are likely almost entirely basic
activities whereas a local grocery store, barber shop, and plumber are almost
entirely non-basic activities. Economic base theory states that all regional output
(and growth) can be ultimately traced to basic activity; the level of non-basic
activity in a region is entirely secondary and dependent. Changes in local output,
incident upon a change in basic exporting activity, can be worked out from a reason-
ably easily established relationship between total activity and basic activity.
This relationship is commonly referred to as the economic base multiplier; total
final output is simply determined as the multiplier times some exogenously specified
value of the basic output. It is important to note that the levels of output
referred to above can be translated directly into levels of income through market
value conversion, or into employment through conversion into average basic and non-
basic worker hours required. Thus, the approach can be used to work out income and
employment impacts which could be considered "forecasts".

The mathematical specification of economic base models is set out in Appendix
I along with other technical issues.

In order to use the approach, some strong assumptions must be made about the
nature of the economy and about the determinants of growth. The more important of

these are as follows. The economy is assumed to be in equilibrium before and after
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the change. Prices, wages, and technology are assumed to remain constant; supply is

perfectly elastic and no allowance is made for changes in the distribution of
income. Trade is assumed to be the principal impetus for growth, and exogenous
changes in the demand for "exports" determine regional income and employment
changes. This latter assumption tends to be more valid for smaller regions than
larger ones.

The assumption of totally elastic supply would appear to be particularly
stringent since, if growth takes place with capacity constraints on local facilities
(e.g. transport infrastructure), we would expect that increases in price rather
than increases in output would characterize the short run. In fact, the model
generally has been shown to be remarkably robust and reasonably accurate for short-
run forecasts of less than four years. Thus, the model is quite suited to impact
analyses in which many of the larger impacts will have been worked out for four
years

.

Two important estimates are required in order to use the economic base
approach to project the future value of potentially affected economic variables.
The first is the direct impact on, or change in, basic employment or income in the
region due to the project. This estimate is relatively straightforward. The
second, and more troublesome one, is the economic base multiplier which drives the
model. This multiplier is defined as some measure of non-basic activity in the
region divided by some measure of total activity in the region. The best measure is

income in dollars. However, employment is more easily estimated and this is

frequently used as a first approximation. Since total employment is typically
known, non-basic employment is most easily obtained by counting basic employees and
subtracting them from the total.

The most expensive part of the model is estimating basic employment. This
expense can be quite large if it is deemed necessary to undertake a sample survey of

all firms in the region to find what outputs are sold inside versus outside the

region. An example questionnaire is included in the impact study of Foster and
Harvey (1976). Several "non-survey" estimation approaches have been used.
Richardson (1972) reviews some of these. The most common is the "location quotient"
approach which starts with a comparison of the concentration in the impact region of

firms of particular types relative to the nation or some larger region. If the

region has a larger proportion of employees in an industry than the nation, its

location quotient will be greater than one; if it has a smaller proportion, its

location quotient will be less than one. It is then assumed that for those

industries for which the location quotient is greater than one, the proportion of

employees in excess of the national proportion defines local or regional basic

employment. Other methods of estimating basic employment and income exist. Most of

the integrated/comprehensive computerized socioeconomic forecasting models which
have been recently constructed use economic base models as their driving force

(Murdock and Leistritz 1980). I believe that there would be general agreement among

economic impact assessors with the following quote from Pleeter (1980b: 17):

"If the questions being raised in an economic impact analy-
sis concern highly aggregative variables such as total

employment, income, and/or taxes, the forecast period is one

to four years, answers are to be provided in six months or

less, and the research budget is quite limited, then there

is no question that an economic base model should be used."

MORE ELABORATE METHODS OF PREDICTING ECONOMIC EFFECTS

More elaborate methods of projecting economic impacts abound. In general,

they can be placed in one of the following groups: input-output (I/O) models, econo-

metric models and simulation methods. All of these approaches require more data,

time, money, and/or expertise than those discussed above. Input-output is the most

used and suggested method in this group, and is second in importance to economic

base of which it is a generalization. Although the I/O method cannot be fully

explored here, it is described in more detail than the other two methods. All three

methods are described well in the recent book on economic impact methods by Pleeter

(1980a)

.
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Input-output methods

I/O methods have been used for impact assessment almost as long as economic
base models. In general, the assumptions on which they are based are less strin-

gent and the theory is more robust. Economic base models are particular simple
cases of inter-industry I/O models (see Romanoff 1974). If it were not for lack of

sufficient data and cost of implementation, I/O would be universally preferred to

economic base methods. I/O methods are reviewed in the standard texts and works
noted under the economic base heading as well as in books devoted to them by Miernyk
(1965), Richardson (1972), O'Connor and Henry (1975), Schaffer (1976) and Morrison
and Smith (1977). Many I/O-based impact assessments have been reported in the

literature. One of the most common applications has been to point out the local

importance of colleges and univers it ites (Caffrey and Isaacs 1971; Moore 1974; Lichy
and Jesswein 1978). Johnston and Bennett (1979) describe an application of the

technique to a site-noxious facility - in this case, a nuclear power plant. (This

model is also of interest since an attempt is made to deal with environmental
impacts within the same framework as economic impacts.) The best single, simple,
description of the common inter-industry type of an I/O model is by Morrison and

Smith (1977).

The I/O method is based on a simple linear model of the economy which focusses
on the relationships between the sectors, or industries, or between commodities and

industries within it. Little justice can be done in providing a helpful description
of I/O methods or how they work without the introduction of abstract notation and

the use of algebra, especially linear algebra. Although I have provided some intro-
ductory verbal discussion of I/O below, the interested reader is referred to

Appendix II wherein a technical summary is presented, as well as to the reference
works noted above.

It should be noted that the description of I/O models stressed here is of the
most common type; namely, the inter-industry model first described by Leontief
(1936). In this model, the point of departure is a matrix of aggregated flows of

goods, or commodities, of all types between selected industry groups. The physical
flows are then translated into flows in monetary units. Although inter- industry
models are, by some margin, the most commonly described and used models (and they
are also relatively easily described), a case can be made that a different type of

I/O should have been described (or described in addition) in the present paper.
This other type of model is called a commodity-by-industry model. Its point of

departure is a matrix of flows of units of different (non-aggregated) commodities to

different industries. Proponents of commodity-by-industry models argue that these
models can be structured to do anything that inter-industry models can do and, in
addition, they do some of them better and a whole lot more.

Readers should be aware of the fact that a Canadian model of this type has
been developed by Statistics Canada which allows fairly easy access to both the
National Model and the Interprovincial Models. The latter models focus on particu-
lar provinces and treat the rest of the country as a second region. Although it is

unlikely that it would be helpful to use either the national or an interprovincial
model directly in an impact assessment of all but the largest scaled projects in a

small province, it is expedient to use information from such models in constructing
a smaller scale regional I/O model required in impact assessment. To avoid the
possibility of confusing those who are just beginning to grasp how I/O models work,
however, commodity-by-industry models will not be discussed here or in Appendix II

which sets out the technical details of inter-industry type I/O models. Those
readers who are interested in commodity-by-industry models should consult Victor
(1972b).

The inter-industry I/O modelling technique starts with a disaggregation of the
relevant local or regional impacted economy into sectors or industries. There may
be a few highly aggregated sectors or many disaggregated ones. The more disaggre-
gated the sectors, the more detailed, and accurate are the predictions. However,
more data must be used and often collected and the model requires a larger computer
and a longer time to run. A monetary I/O table, or matrix, is then constructed into
which must be entered the dollar value of the flows of goods and services between
each sector and every other sector. From this I/O transactions matrix, a matrix of
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I/O coefficients is derived in a straightforward manner (see Appendix II). Each I/O
or "technical" coefficient indicates the number of dollar's worth of input from one
sector required per dollar's worth of output of another sector. The somewhat un-
reasonable assumption is made that all production processes are linear; that is, all
outputs expand in direct proportion to the application of each of their constituent
inputs

.

This coefficient matrix is then manipulated mathematically to form a matrix of
origin-destination-specific production multipliers. These multipliers are essen-
tially disaggregated generalizations of the economic base multiplier noted above.
Each multiplier allows one to determine the total effect of a change in output in
one sector on one other sector. A simple summation across input sectors gives
multipliers which indicate the total effect on the economy of a change in the output
of each sector. An example is instructive. Assume that the construction of a new
bridge requires that concrete be purchased locally. This purchase represents an
increase in final demand for concrete. As a direct effect, the local concrete
industry expands and purchases more labour and goods and services. As a first round
indirect effect, the additional labour spends the newly generated income and the
firms supplying the additional goods and services each expand a little bit.
Subsequent rounds of effects are expected to become less and less significant until
they eventually die out.

In addition to production multipliers, the method also allows the computation
of income and employment multipliers as by-products. These allow the estimation of

the total income and employment effects of exogenous changes in demand due to the
product. A distinction is made between "closed" I/O models in which labour (house-
holds) is not considered as an interactive section, and "open" models in which it

is. The latter are more appropriate for impact assessment since they take the
induced effects of changes in regional employment and wages into account.

Like the economic base model, I/O models are operationalized by plugging into

the model the expected current and/or future increases in final demand generated by
the project or policy. Thus, an estimation of the amount of labour, cement, elec-
tricity, grass seed, etc., is required during both the construction and operation
phase. The model then calculates the dollar value of the total impact disaggregated
by sector. Income and employment multiplier matrices can be constructed and used to

project the total change in income and employment. The impact predictions arising
from these models are generally believed to be better than those arising from the

economic base method.

The whole model hinges on having good data from which to construct a realistic
I/O matrix. There are two common ways of estimating the values to enter into such a

matrix for a local impacted region: survey methods and non-survey methods. Survey
methods require that all firms, or a large sample of firms in each industry, be

questioned to determine the value of goods and services flowing to all other indus-

tries. This approach is likely to be extremely expensive and beyond the means of

most impact assessment budgets. Non-survey methods are those in which inferences

are made about local or regional intersectoral flows from national or provincial I/O

tables and sometimes other sources of information. Although some of the Canadian
provinces (e.g. Ontario) maintain I/O tables, the most accessible models for use in

structuring regional models are the Interprovincial Models maintained by Statistics

Canada. As has been noted above, these models are commodity-by-industry types which

focus on single provinces and treat the rest of the country as a single region.

There is sufficient information in the data bases of these models to use as a sound

starting point for a subprovincial scale I/O table of either the commodity-industry
type, or the inter-industry type.

One of the most common non-survey approaches is very similar to that described
for economic base methods in making use of location quotients to estimate likely

flows among local industries, sectors and between these and the rest of the world.

Probably the best non-survey method, the RAS method, is explained in Morrison and

Smith (1977).

Before turning to other more elaborate methods, it is interesting to note that

considerable work has been done in extending the I/O approach to deal with environ-
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mental relations and processes in the same terms as economic ones. With such

models, it is possible to deal with economic and environmental variables within a

single integrated framework. However, they tend to require a great deal of fugitive
data and many rather heroic assumptions. As little justice can be done to this

topic without considerable space and technical detail, these models will not be

reviewed here. The interested reader is referred to Isard (1972), Victor (1972a);
and Whitney (1985).

Econometric models and simulation models

Econometric methods may be less expensive than a full I/O model, but the
variety of theories upon which they are based are generally less robust and more
esoteric. Considerable work would be required by very highly skilled econometri-
cians to develop (or adapt) a model suited to a particular region. In addition, it

is likely that special data would have to be collected. The impacts would tend to

be predicted at a more aggregated level than those from an I/O model, and may or may

not be reliable depending on the skill of the builders and the resources devoted to

its construction. For these reasons, an econometric model is not likely to be as

attractive as either of the two more well-established methods discussed in previous
sections. Nevertheless, a very general overview is given here. More complete dis-

cussions of regional econometric models are given in Hamilton et^ al. (1969),
Glickman (1971; 1980), Richter (1972), and Pleeter (1980b) upon which the present
overview is based.

Econometric models are multiple equation systems that attempt to describe the

structure of a regional economy and forecast aggregative variables such as income,
employment and output. Generally, no single theory of growth is used. Rather, the

builders try to be sufficiently eclectic to capture peculiar aspects of the particu-
lar regional economy being modelled. These models employ time series data rather
than data for a particular point in time (like economic base and I/O models), and

they estimate the hypothesized relationships between the aggregate variables by

means of multiple regression analysis. They could have eight equations, or more
than a hundred equations, depending on the complexity of the problem, data avail-
ability and the impact detail required. The equations could be largely linear, or

largely nonlinear, depending on the complexity of the problem or the theory.
Nonlinear systems, while perhaps more realistic, can become extremely complex,
unwieldy, and difficult to fit to data.

The more elementary regional econometric models tend to adopt the general
expenditure framework of economic base theory and are recursive in structure. In a

recursive model, there is a unidirectional flow of causality among sectors. For
example, income, export and government (expenditures) sectors might be assumed to

depend on exogenously forecasted variables such as population and gross regional
product. Disposable income could be assumed to depend only on income. Consumption
and imports depend on disposable income. Exports depend on gross regional product.
Investment depends on the exports, and so on. These simpler models emphasize the

external factors which induce growth and tend to be demand-oriented or driven,
treating wages and prices as fixed.

More sophisticated models consider both internal and external sources of

growth. Prices, wages and other factor returns are made endogenous. These models
tend to take particular care to capture the supply and movement of factors, espe-
cially labour, between alternative uses (and between subregions). Considerable dis-
aggregation of aggregative variables is possible. For example, consumption, govern-
ment and investment variables may be specified by source - e.g. household, indus-
trial sector, local versus provincial government, etc. One of the grounds for
calling such models more sophisticated is that they make a concerted effort to
capture complex relationships in the equations. For example, some, or many,
endogenous variables are treated as depending on the values of other endogenous
variables using feedback relationships. Unlike economic base and I/O methods, these
often attempt to model structural changes such as those in industrial composition,
demographic composition and labour productivity. Also unlike these other methods,
econometric models attempt to verify empirically the theory (theories) upon which
they are based. Although equilibrium concepts are still invoked, greater degrees in
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market imperfections, including resource movement stickiness, lags in investment,
significant price changes, etc., can be accommodated than in the simpler economic
base and I/O models.

While most regional econometric models are basically static models, some are
dynamic and capable of projecting cumulative change over time explicitly. Thus,
whereas economic base and I/O models produce static, one-shot forecasts, a (sophis-
ticated) dynamic econometric model (containing such features as lagged endogenous
variables) could be constructed to produce much longer-range forecasts. The diffi-
culty of constructing such models can be traced to lack of good dynamic theory on
the one hand and lack of sufficient (time series) data to calibrate them on the
other hand.

Because econometric models tend to be calibrated on annual time series data
(which constrains the functional form of the models), they often face data-avail-
ability problems. Long time series are required if many parameters have to be
estimated; however, long time series data are rare. Also, the farther one goes back
in time, the more likely that the key processes at work in the regional economy will
be different. Also, data availability constraints mean that more surrogate
variables have to be used and this often causes model specification problems which
can seriously reduce the quality of any forecasts produced.

Simulation models

These models have not been common in impact assessment for most of the same
reasons that econometric models are rare. They tend to be complex mathematical,
usually explicity probabilistic characterizations of complex systems. Their
requirements in terms of theory, data and expertise are particularly onerous. Like
econometric models, simulation models are stochastic and tend to have large numbers
of (usually nonlinear) equations which attempt to capture system interdependencies
in a probabilistic way. Unlike econometric models, they are particularly suited to

dynamic analysis. They tend to be based either on a very strong a prior i theory, or

on very little theory indeed. There tends to be no formal calibration processes in

which optimal parameters of the model are sought. Rather, system parameters are

(systematically) adjusted until the average outputs of series of "runs" look reason-
able, or conform to some prior set of expectations.

The long list of criticisms of the use of such models, especially ones under-
pinned by very little theory, when sound economic base and I/O models exist, will
not be set out. However, less elaborate and more subsystem-specific simulation
exercises could have a very important role to play in EIA. Finally, it should be

noted that simulation is particularly suited for sensitivity analysis of other
deterministic models of regional economies such as I/O models. See, for example,
Smith and Morrison (1974).

OTHER METHODS AND PROBLEMS OF PROJECTION

Throughout the discussion above, frequent reference has been made to the

impact region as if this were easily recognized, or predicted. In fact, placing a

precise bound on the impact region is a very difficult task indeed, and one which is

frequently done unsatisfactorily in EcIA and in EIA. The region should be defined

as the one in which "most" of the impacts are felt. This will depend on the pro-

ject. Since the impacts themselves, let alone the impact region, are not known ji

priori, (but a region is required in order to proceed) some good guess must be made.

If the guess turns out to be wrong, a new region should be defined and the analysis

reworked. An important constraint in defining impact regions is that most economic

(and other) data are available only for rather large sized geographical regions such

as census tracts, municipalities and counties. Compromises are thus always neces-
sary .

Another problem is bounding the problem temporally. How far into the future

must effects be forecast? If a conventional CBA analysis is undertaken, wherein

future effects are discounted, then most variables need not be forecast beyond about
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30 years since effects beyond this time become very small in value terms and can be

safely ignored. If impacts on future generations are not being discounted, the

problem of the length of the time frame becomes very important and also clearly
subjective. Why should the effects on the next generation, or the next two

generations, be included while subsequent ones are ignored? Some very difficult
decisions must be made.

It also must be stressed that although the projection approaches reviewed
above are meant to be relatively wholistic, or exhaustive as far as economic types

of impacts are concerned, they do not embrace all relevant economic considerations.
First, they tend to deal inadequately with, or omit, the often critical considera-
tions of new housing construction, dislocation, etc. Separate housing, or construc-
tion sector models, may well be required. Second, they tend to deal with flows of

people (both migration and commuting) rather poorly. It is important that the

source of new labour be predicted accurately and also important to recognize that

workers who commute from outside the impact region do not have to be housed within
the region and tend to spend most of their incomes outside the region. A set of

very good gravity-type models exists for forecasting flows of people. See Wilson
(1974), and Murdock _et^ al. (1978).

The methods noted above say little or nothing about land use impacts per se

nor about effects of land development (see Muller 1976). They do not predict where
any new industry would locate, what land would be taken out of agricultural produc-
tion, nor how land values will change. For all of these questions, which may be
very important in some studies, specialized spatial models are required. The Lowry
model, or variations of it, is the one most commonly used for this purpose (Wilson
1974; Oppenheim 1979). It should be pointed out that land value changes can fre-

quently be considered a close substitute for the net value of all other impacts
(Fisch 1980). For example, the inclusion of land value increases along with other
benefits of a project such as reduced travel times, increased safety, and so on, in

a CBA (or other evaluation model) would clearly be double-counting benefits (Davis

1978). Unfortunately, double-counting attributable to land values and other factors
has been common in many EcIA studies. It has been especially common in EIA.

Finally, the methods tend to ignore, or deal lightly with, the very important
class of fiscal impacts. Since governments are the principal clients of impact
studies, and since they are often very concerned with both short and long term
effects on their own balance sheets, this omission is particularly unfortunate.
Recently, however, attention has been given to the development of specialized fiscal
impact assessment methods (Muller 1973; Burchell and Listoken 1978; Borgos 1979).
Although these methods are not very rigorous, they should certainly be more widely
used. Developing better methods in this, and the other areas noted in this section,
should be of high priority in future research.

In the first part of the paper, it was stressed that a common unit for evalua-
tion is necessary and that, at least for economic impacts, monetary values are the
obvious and best ones to use (as long as subjective value judgements are recognized
and explicit). In the second part of the paper, several economic impact projection
methods were briefly reviewed. There has been no explicit discussion of how the
results of the projection methods are to be used in the final evaluation model(s).
Compared to other aspects of EIA and environmental evaluation, the link between
economic impacts and economic evaluation is frequently straightforward if still
difficult. If an economic projection method projects effects (aggregated or dis-
aggregated) in dollar terms, two questions have to be answered before the effects
can be entered correctly into an evaluation model of the type advocated.

First, one must determine which persons, or groups, incur what share of the
costs and benefits. This determination would have to be made to accommodate any
non-equal welfare weights. Since is unlikely, in the context of EIA, that the
projection models would be sufficiently sophisticated to generate group-specific
projections, it is then necessary to disaggregate aggregate projections. Some eco-
nomic theory is likely to be found which will help guide such a process. Further,
and especially if a more elaborate model such as an I/O model has been used, there
should be sufficient data to establish some empirical relationships which will help.
Such an intermediate analysis is likely to add to the time and cost of the study.



170 A.C. LEA

It is not surprising how few applied analysis have been willing to depart from the
equal welfare weight assumption which effectively obviates this step.

Second, one must ask in what time period the projected effects are expected to
occur. This question and the assumptions and approaches required for an answer must
be at hand if any sensitive form of discounting is to be used. Since dynamic models
are the only ones capable of generating time-specific outputs automatically, and
these models are rare and expensive, some explicit attention must be paid to the
issue of time. Probably the simplest approach is to run a one-shot projection
model, such as an economic base or I/O model, for each of a number of future time
periods. The input to each run would be the total (cumulative) effect of the
project on basic activity, demand for goods and services, or some other driving
variables which have been explicitly projected for that time period. One difficulty
with this approach is that although the mathematics of equilibrium in these models
is such that all rounds of effects occur instantly, we know that these effects in a

real economy take some time to work themselves out. Rules of thumb of between one
and about four years are mentioned in the literature as the relaxation time of

regional economic systems. It is clear, however, that the timing depends on the
size, nature and openness of the regional economy and the type and strength of the
shock. If the projection method being used does not lend itself to time-specific
runs, then research would have to be undertaken to allow a reasonable temporal
disaggregation of some overall long-term projection.

Before concluding this section, a few remarks will be made regarding the
evaluation of affected variables which have not been projected in monetary terms.
Variables which come to mind here are new employment, changes in vehicle trips,
changes in congestion and/or pollution, new housing starts, and so on. First, I

believe an attempt should be made to translate the changed values of any of these
types of variables to dollars for each of the time periods of the analysis. To the

extent that this is possible and reasonable, these variables can be evaluated con-
sistently by appropriately weighting and discounting them as has been discussed
above. For those more or less economic variables which cannot be easily or reason-
ably translated to monetary units, one faces the same problem faced by EIA in

general. To be consistent, the importance of each of these types of future effects
should be conditioned by some explicit welfare weight and some form of discounting.
These two features should be part of a good EIA non-monetary impact evaluation
method which would be used to deal with them.

CONCLUSIONS

This paper has reviewed a selection of the more important problems, methods
and models which guide EcIA within the context of a more comprehensive evaluation
setting, EIA. Whereas economic variables are relatively easily quantified in mone-
tary terms, most other variables are not. Economic forecasting and evaluation has a

long history underpinned by a large body of literature and theory, whereas most of

the other dimensions of EIA do not. The first conceptual framework and tools to be

applied to EIA were derived from economics. The fact that these tended to stress
economic variables and measured non-economic variables in monetary units added to

the other considerations noted above in driving a wedge between researchers dealing
with economic considerations and their methods and the physical scientists, sociolo-

gists, etc. and their methods. There has been insufficient recognition from either

camp that the other has any real merit. A period of reassessment of views is long

overdue

.

I have suggested that one or more of the better EIA methods dealing in non-
monetary values should be used to predict non-economic effects, and that economic
effects should be predicted in dollar terms using well-established economic impact i

techniques (i.e. economic base and I/O methods). An overall evaluation should take
]

the monetary and non-monetary component evaluations into account.

I have stressed that more attention should be paid to the theory and lessons
of welfare economics. In particular, it must be borne in mind that subjective

distributional judgements must be made in impact assessments, and that methods of

prediction and especially methods of evaluation should be selected, or invented.
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which accommodate these judgements. Assessors have a responsibility to recognize
subjective value judgements and to draw explicit attention to them.

The general conceptual framework of CBA, underpinned by welfare economic
theory, is likely the best framework in allowing, or forcing, integration of diverse

factors and values. Within the framework of EIA, wherein great precision is neither
demanded nor expected, existing models and methods of EcIA are probably adequate.

Also, the existing methods of evaluating economic effects are unlikely to be

improved in the near future. The problem which deserves the most attention, in my
view, is a theoretically sound, rigorous and self-conscious framework for under-
taking evaluation of the whole range of variables which must be embraced in EIA.
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APPENDIX I

ECONOMIC BASE METHODS OF PROJECTION: TECHNICAL APPENDIX

In this appendix the economic base technique is described more rigorously than
in the body of the paper. Still, the treatment is not meant to be complete.

Assume that the project has been fully defined and that its effects in terms
of basic employment have been forecast. Assume further that the impact region has
been defined.

Let the fraction of total regional income spent on non-basic activities be n,

and (recognizing that some of this income is spent outside the region) let the pro-
portion of this spent inside the region be r. The regional propensity to consume
regionally is C = nr. If Y dollars will be spent per period to sustain basic
activity in the region then CY is the additional income derived from non-basic
act ivity .However

,
this is not the end of the story. This income will be available

for spending and we continue with the assumption that the proportion C of it will be
spent on regional non-basic activity. Thus, there will be a second round, indirect
increment to income of CCY = C^Y. This will be available to spend and the propor-
tion C of it will be spent locally giving rise to a third round, indirect income
increment of C^Y. Eventually, total regional income, X, is given by:

X = Y + CY + C2Y + C3Y + ... + CkY (k is large)

It is known that the infinite series (1

so that
...) is equal to 1 / ( 1— C)

,

X = [ 1/ (1-C) ] Y

.

1 / ( 1— C ) is called the economic base multiplier and, since C is necessarily less than

1, the multiplier will necessarily be greater than 1. For impact analysis, the
appropriate formula is a slight variation of the above, given by AX = [ 1 / ( 1— C ) ] AY
where A refers to the change in the subsequent variable between two points in time.
AY is the exogenous change in income associated with the injection of a new basic
activity into the regional economy. The associated change (economic impact) in
overall regional income is simply given by Ax.

The economic base model can easily be extended to several interacting economic
sectors. This can be illustrated for two sectors. Yj will remain basic, or export,
demand and let X^j be the amount of production of sector i required to sustain the

production of sector j. We can then write:

Xi = Yi + X11 L

1

2

X2 = Y2 + X21 + X22

We then know that X^j is related to X j ,
and writing this as X^j

rewrite the above in a way which shows the sectoral interdependence
t^jXj, we can

X
1

“ Y
1

+ a llx l
+ a l

2

X2

X2 = Y2 + anX
x + a22X2

or in matrix notation, X = Y + AX. This can then be manipulated to X = (i-A)
-

^ Y.

This simple multi-sector economic base model is essentially a simple I/O model.
Indeed, the economic base model is a very special (simple) case of the I/O model
(see Romanoff 1974).

In order to operationalize the economic base model, two estimates are

required. The first is of Ay, and the second is C. Ay should be based on an

estimate of the total direct dollar impact generated by the project which is paid

out within the region. There are usually two major sources of income associated
with the project itself. The first would be the total wage and salary bill paid to

local residents. The second would be the direct expenditures by the project on

local goods and services.
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Note that it would be possible to work at separate multipliers for each dimen-

sion of AY and run separate models to determine the components of A X. Indeed,

this may be expedient if it makes the estimation of the different C values easier
than estimating a single C. Foster and Harvey (1976) used the separate multiplier
approach in determining the impacts of a new national park in the Maritimes and they

explain it nicely.

Depending on the data available, the estimation of C can be more or less

difficult. A manipulation of the fundamental impact equation given above gives X/Y
= 1 / (

1 —C ) and C = (X-Y)/X. Thus, estimates of both X and Y are required to estimate
C, and hence the multiplier. Since income data are seldom available to measure X
and Y, most operationalizations of the model use employment (which is more readily
available) as a proxy. Employment has the further advantage of being of consider-
able (local) interest in its own right. Essentially what is done is to measure X
and Y in terms related to basic and total jobs. Of course, there are some problems
associated with using employment as a proxy for income; in particular, the ratio of

employment to income is neither constant over industry and job types, nor stable
over time. The distortions could be significant if the labour mix or skill level
changes over time. General increases in labour productivity will generate addi-

tional local income at the same level of employment, thus distorting the relation-
ship between the two. Also marginal and average responses to external stimuli may
be different.

In order to operationalize the model, it is necessary to determine Y in

employment, or income, terms. There are four common approaches here. The first is

a survey of all firms in the region. Essentially each firm is asked to state how
much of its local revenue is derived from sales to buyers outside the region. If

such a survey of local firms is to be conducted, other important information rela-
ting to number and type of employees, plans for expansion, etc., can be obtained at

little extra cost.

As noted in the text, the most commonly used non-survey method is the
"location quotient method" applied to employment data. The location quotient for

industry i is given by LQ^ = (e^/e) /(E^/E) where e's refer to employment in the
region and E's to employment in a larger region (e.g. the nation). The letters
without subscripts refer to total employment. If the LQ is greater than 1, the
region is assumed to be an exporter of the commodity; whereas, if it is less than 1,

it is assumed the region is not satisfying domestic requirements and must import the
goods. This methods proceeds on the assumption that, for those industries with LQ '

s

greater than 1, the proportion of its employment devoted to basic export activity is

(LQi-D/LQi.

The assumptions underlying this approach are that:

i consumer tastes and incomes are the same throughout the nation;
ii production functions are the same throughout the nation;
iii local demand is satisfied by local production; and,
iv the nation neither imports nor exports commodities.

A rigorous discussion of these assumptions, as well as an argument that the set of
assumptions required is more reasonable than critics of this approach suggest, is

given in Mayer and Pleeter (1975). These authors have suggested how LQ's can be ad-
justed to account for the relationship between income and productivity differences.

A number of other interesting modifications of the location quotient approach
to account for some of its deficiencies are summarized by Pleeter (1980b). It

should be noted that the data to be used here should be disaggregated into the
smallest possible industrial groups to avoid the problem that some types of firms
within the industry are net exporters, while some are net importers producing a zero
net export estimate.

The principal, but less used, alternative to the LQ approach is the "minimum
requirements approach". First, regions of similar size and industrial structure are
identified. The percentage of total employment in each industry is calculated and,
for each industry, this minimum percentage is then assumed to represent the minimum
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amount of that industry required to satisfy regional demands. These percentages are
then applied to the region of interest with employment in excess of the minimum
deemed to be export base employment. The assumptions of this approach are the same
as i, ii and iii above. The fourth assumption here is: that every region completely
satisfies its own domestic needs. This follows since every city, except the minimum
requirements city, exports - so none can import. The inconsistency of this approach
has been recognized for some time, accounting for its rare use.

The third non-survey approach could be called the "ad hoc" approach. Here,
researchers, perhaps with the help of experts, allocate employment (by firm or in-

dustry) into either the basic or the non-basic class. Difficulties are encountered
here with firms which export some of their products. In addition, inaccuracies are
likely since local firms supplying other local firms which export would tend to be

classed as non-basic firms - whereas the LQ method would treat them correctly as

basic firms.

It might be thought that an economic base multiplier found for one region in

another study could simply be borrowed and used in any region of interest - as long
as the two regions were quite similar. The evidence, however, is that multipliers
vary a great deal over regions and in ways which are next to impossible to predict a

priori. Attempts to predict multipliers using single and multiple regresssion tech-
niques have not met with the level of success one might expect.

Impact analysis is also concerned with new employment in its own right - and
the associated population. Since the economic base approach can be used to forecast
employment and population, more will be said about this here. First, the economic
base model can be used to produce forecasts of new employment . This new employment
is comprised of direct, new, basic employment, exogenously given, plus the indirect,
new non-basic employment associated with it. Specifically, the indirect, non-basic
employment is estimated from non-basic income using an average wage rate. In the

multisector extended model, employment is found using technical coefficients (the

a^ j ) which define the number of labour-hours required to produce a unit of final

output in each sector.

In addition, a special economic base employment model could be constructed
making use of the information already required for the income model. This model is

also AX = [1/ (1— C) ] AY, except that now X and Y are measured as number of employees
and the multiplier comes directly from a location quotient analysis with no apolo-

gies this time for being a proxy. The model requires an estimate of the total

number of new basic employees, AX. Implicit in this formulation is that it is the

basic workers, AY, plus their families (i.e. total basic population), which create
the demand for non-basic activities which then gives rise to further requirements of

non-basic employees. The total number of additional jobs, AX, can be translated
into a population forecast (to be realized over the course of, say, four years) by

multiplying by the reciprocal of the expected labour force participation rate. If

family sizes of basic and non-basic workers are expected to differ, these differen-

ces can easily be taken into account. Indeed, using profiles of the average new
workers' family size and age structure (e.g. number of school-age children) - based

on averages of similar workers elsewhere, for example - it may be possible to obtain

reasonable age and sex disaggregated population projections. This projection may
even be superior to that derived from a separate demographic projection model. At

any rate if an economic base model is to be used, the marginal cost of obtaining

such a population forecast is sufficiently small to make it a useful tool for

producing some numbers for comparative purposes.
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APPENDIX II

INTERINDUSTRY INPUT-OUTPUT METHODS OF PROJECTION: TECHNICAL APPENDIX

As noted in the text, a decision was made because of space limitations to re-

strict discussion of I/O models to the common interindustry type. Those interested
in commodity-by- industry models maintained by Statistics Canada should read Victor
(1972a, Chapter III) and contact Statistics Canada for details.

The basic interindustry I/O model is best explained with reference to a

standard I/O transactions table, shown as Fig. 1. The notation used in the table is

explained under it. All figures are in dollars. We will assume the table pertains
to the impact region.

Output

Input
Internal consuming sectors

(intermediate demand)
External consuming sectors

(final demand)
Total
Output

Int ernal X11 X
1

2

x13 • •• xln Y 11 Y
1

2

Y
1 3 ••• Ylm X

1

producing x2l x22 x23 • .. x2n Y2l y22 y23 ••• Y2m x2
sectors X31 x

3 2 x33 • •• x3n y31 Y32 y33 ••• Y3m x3

xnl Xn2 xn3 • •• xnn Ynl Yn2 Yn3 • •

•

Ynm xn

External Z ll Z12 z13 • •• Zin

p ayme nt s Z21 Z
2 2 Z23 • •• z2n

sectors Z31 z32 z33 • z3n

z
pi

Z
P2

zp3 • •* V
Total outlays X

1
X
2

X
3 . .. xn T

X^j = the amount of production of sector i that is purchased by sector j

Xj' - the total output or outlay of sector j

Yik = the amount of production of sector i that is purchased by external consuming
sector k

Z^j = the amount that sector i purchases from external payments sector h

T = the total level of economic activity (i.e. the sum of the X j
' s for all

sectors)

Fig. 1 Input-output table

The sectors referred to could be agriculture, manufacturing, etc., at an
aggregated level, or could be broken down considerably into such groups as con-
struction, printing and publishing, wholesaling, etc. As sectors become more and
more disaggregated, more data are required but the model becomes more reliable and
allows a detailed assessment of impacts. The model focusses particularly on the
intersectoral (or interindustry) relations which are internal to the private sector
of the region shown as the matrix X in the top left of the figure. The row sectors
and the column sectors must be identical. Thus, whereas Xj2 may be the dollar flow
of goods from agriculture to food processing, X22 would be the value of goods
purchased by food processing from itself. The sum of all interindustry outputs for
a given sector is known as the intermediate demand for that sector.

The m external demands, Y^, and the P external supplies,
j ,

do not have to

come from the same set of sectors nor do they need to be external to the region
being modelled. For example, it is common to include in the set of external
consuming sectors capital investment consumption, inventory accumulation, government
consumption, local final demands, and exports. Local final demand is that demand
which does not enter into further production. It is often called household demand.
All Y^ values are assumed to be exogenously given, or uninfluenced by the inter-
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industry interactions which drive the model. The sum of these values across the m
external consuming sectors is usually referred to as the total final demand for
sector i. Input sectors, the lower left matrix, include all exogenously determined
factors of production, such as labour, inventory depletion, government inputs
(sewers etc.), and imports. Note that the X's represent the sums over both rows and
columns. The distribution of outputs is shown in each row, the sources of inputs in
each column. The total output of a sector is equal to the sum of intermediate plus
final demands for that sector. This definition can be summarized in equation form
for the first sector as follows:

X
1

= X11 + x12 + x13 + • • • + xln + Y11 + Y12 + ••• + Ylm

All n sectors can be represented in a similar manner.

The I/O model is based on two observations. First, X| is the sum of the other
components of row i. The second is that each X— can be expressed as a linear
function of the corresponding Xj by introducing a technical coefficient, a£

j
. This

coefficient ajj = x ij/x j
simply states the number of dollar's worth of input from

sector i required per dollar's worth output from sector j. It is based on the
assumption that all production functions are linear; that is, the productivity of
each unit of input is the same regardless of the level of output; economies of scale
and diseconomies are therefore ruled out.

Using the technical coefficients, and noting that X£j = a^jXj, the first
equation can be rewritten as:

X 1
= alix l

+ a l

2

X2 + a13x3 + ••• + Y11 + Y 1 2
+ ••• + Ylm*

Other rows can be rewritten similarly. Using the economy of matrix notation, the
system of equations can be rewritten as X = AX + Y where the X and Y are column
vectors (each with n components) and A is a square n by n matrix of a^j's. Using
standard techniques of linear algebra,, this model can be manipulated as follows to
solve for X:

X - AX = Y;

X(I-A) = Y;

X = (l-A) -1Y

where I is a square (identity) matrix with l's on the main diagonal and zeros else-
where. The power -1 indicates the matrix referred to must be inverted. The inverse
of (l-A) is called the Leontief inverse matrix and its entries are direct plus
indirect requirement multipliers which indicate the direct plus indirect
requirements from sector i per dollar's worth of output in sector j. Basically, the
model X = (l-A)~^Y is used in impact analysis in the form of AX = ( I-A)

-
^ AY, where

A Y is the vector which indicates the dollar value of the effect of introducing the

project into the region. Thus, if the third sector is construction, and the fourth
is retailing, then the third and the fourth components of the vector AY would be

the dollar value of the additional demand on these sectors due directly to purchases
by the project and those who work at it. This is just a sector-specific extension
of the reasoning followed in the economic base model. (Note the similarity between
the last equation above and the second equation in Appendix II.) AX is, of course,
the sector-specific vector of impacts in dollar terms.

In impact analysis, it is usually helpful to compute the "production
multipliers" for each sector. The production multiplier for sector j is simply the

sum over the elements of column j in the Leontief inverse matrix. These multipliers
indicate the sensitivity of regional output or product to exogenous changes in the

demand for sectoral outputs. A multiplier of 2.1 indicates that regional product
will increase by 2.1 dollars for every dollar increase in the demand for that

sector's output. Planners can take these multipliers into account in deciding how
the design, construction, or operation of the facility can be judiciously altered to

increase the local benefit impacts or reduce the social cost impacts of the

facility.
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The model described above has been called an open I/O model. Open models
treat employment as exogenous. Thus, the increased final demand attributable to

increased employment in the local grass seed plant is not captured in it. In order
to include these "induced" effects caused by increases in the wage bill of local

employment, the model can be (partially) "closed" by treating households as a- sector
which "produces" labour (sold to local industries) and consumes (local) products.
This is accomplished by removing the final household demand component from the Y

(total final demand) vector and increasing the size of the X, and therefore A,

matrices by one row and one _column._ Putting _a bar_ over aj.1 new matrices and

vectors, the new models become X = (I-A)“^Y and AX = (l-A)~l AY. Since these new,

closed models include induced effects not captured in the open models, the AX
vector will show larger and more acurate regional impacts than the AX of the open
model

.

Two other types of multiplier can be derived from I/O analysis. These are

income and employment multipliers which respond respectively to questions of the

amount of additional income and employment in each sector resulting from a dollar
increase in demand for each sector's output. There are two kinds of income multi-
pliers and also different employment multipliers depending on the specific assump-
tions made. The Type I income multiplier does not include induced effects whereas
the Type II income multiplier does. A full discussion of the various multipliers is

beyond the scope of the paper; see Richardson (1972) and Morrison and Smith (1977).
Employment forecasts produced using employment multipliers associated with a

partially closed I/O model are likely to be among the higher quality ones.

In order to run the I/O model for impact assessment, an estimate of the values
of the Y vector is required. This requires estimates of the sector and location
(within or outside the impact region) of expected purchases of construction
materials, other operating supplies, expected source of labour, and sector and

location of estimated direct purchases by the new labour.

The most difficult task, however, is the estimation of the technical coeffi-
cients, aij • As noted in the text, survey methods are extremely expensive, are

uncommon, and are likely unjustified except for very large and important projects.
Analysts face difficult problems of separating current purchases from investments
and of aggregating firms into meaningful industries or sectors. A compromise must
be struck between too much and too little aggregation - as both have problems.
Finally, after assembling the survey data, coefficients must be adjusted so that the

original input-output table adds up over rows and columns. Reconciliation processes
are necessarily somewhat arbitrary even if "experts" are used to assist. Secondary
data sources are almost always used to check on the accuracy of primary survey-based
data and to aid in the adjustment process.

A wide range of non-survey methods has been reported in the literature. See,
for example, Richardson (1972), Morrison and Smith (1974; 1977), McMenamin and

Haring (1974). Most methods propose that particular systematic adjustments be made
in readily available national I/O matrices to reflect local conditions. A commonly
used and generally highly regarded non-survey approach is to use location quotients
based on employment or value-added to adjust national coefficients. After adjust-
ment, a regional purchase column must be calculated to show the proportion of sales
of each industry that goes to local consumers. This column is often estimated using
a limited survey and/or experts.

Probably the best non-survey, or partial survey, approach is the RAS method
reported by Morrison and Smith (1974; 1977). This method was developed with full
survey-based information in hand for the local economy of Peterborough, England. It

has been shown to give better results than LQ-based methods. The method transforms
a national coefficient matrix into a regional one under the constraint that the rows
and columns of the underlying transactions table add up to the regional totals. In

practice, the row and column total information required refers to total regional in-
termediate output and input respectively. In addition, some information is required
on gross sectoral outputs. To the extent that this information has not already been
estimated, it would have to be collected (using a relatively inexpensive survey).
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Since the costs of a full survey method are large, and the inaccuracies
possible through the use of non-survey methods could be significant, a number of
authors have attempted to develop models which are simpler than I/O models (although
not as simple as economic base models) but use the same general conceptual
framework. These models all require less data than a full I/O analysis. Examples
of some of the better work in this area are: Bromley (1972), Drake (1976), Davis
(1978) and Nelson and Perrin (1978). Although these models have not been fully
tested and should be considered experimental, they may be worth exploring if the

impact assessment requires more rigour and detail than that available from
economic-base models, but cannot afford a full I/O model.

I/O methods have been extended in two directions which are unlikely to be
considered feasible in most impact assessments because of their data requirements.
The extensions are to inter-regional I/O models, which are especially data hungry,
and dynamic models which must make many more heroic assumptions about production and

investment processes. These approaches are discussed in Isard (1960), Rogers

(1971), Richardson (1972) and Paelinck and Nijkamp (1976).
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THE ROLE OF SURVEYS IN SOCIAL IMPACT ASSESSMENT

R. Jaakson
Department of Geography, University of Toronto

INTRODUCTION

This paper deals with the role of surveys in social impact assesment (SIA)

.

The term survey will designate any of a number of data collection methods where a

questionnaire is the main instrument. In such studies, a survey tends to be one of

several investigative tools, and rarely would it serve as the main or only method.
The emphasis of the paper is less on theoretical and more on operational questions
such as why a survey method should be used, when it should take place and how the

survey should be administered. The paper is divided into two parts: a theoretical
discussion, followed by a case study.

In the context of SIA the overall study design should define the role of and
provide the rationale for a survey. Only after this larger role of how the survey
fits into the SIA framework has been defined, can the survey itself be designed in

detail. Finsterbusch (1984) forms a good general reference for SIA techni-
ques, including the role of surveys within the SIA framework.

Both objective and subjective measurements typically are included in question-
naire design. Objective measurements may deal, for example, with magnitude of

environmental change, whereas subjective measurements are concerned more with the

importance or significance attributed to change. The question arises whether any

measurement in a survey is truly objective. Values are context dependent, i.e.

specific to a defined project and to its physical and social environment and to a

group of people; if surveys are objective, they are so only within this context.

Compounding these difficulties of measurement is the subject matter itself in
SIA. Intangibles such as the aesthetics of a landscape cannot be measured. Even
where certain physical elements can be measured with some degree of objectivity, the
associated subjective measures, such as attitudes to the type or degree of physical
impacts, do not form parallel equivalent scales. As well, definition of the popula-
tions from which the measurements are to be drawn is itself critical, and forms an
important part of the present discussion. Perhaps the measurement of intangibles,
such as landscape aesthetics, that are spatially well defined, can be limited to

populations in the project locality or region which may be directly affected by
changes in the landscape aesthetics. But even here, the identification of just who
is affected by such changes - local people only or others as well - is difficult
enough. By contrast, unique historical buildings or neighbourhoods have a larger
social value and are of concern to, have value for, society as a whole.

THE NEED FOR A SURVEY

Any SIA has components which involve people and, even if people are not
directly affected (and one could argue that no such projects exist), their attitudes
to what may be happening to the physical environment are still a legitimate concern.
Where people themselves become more directly the targets of possible impacts, sur-
veys have a proportionately more direct relevance. Surveys can measure both atti-
tudes to and changes in behaviour due to the possible impacts of proposed under-
takings; that is, they may include both what people believe about impacts and how
impacts may create such beliefs, as well as how beliefs influence behaviour.

The opposite perspective - why surveys are not used, when perhaps they should
be - offers useful insights into the politics of surveys. What may prevent a

survey from being used tends to depend more on imposed project limitations, such as
restricted budgets, compressed schedules, constrained access to expertise, than on
any more substantively based considerations. A survey as an approach to research
and as a component in an overall study design may also be politically unacceptable
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and may be manipulated out of the study terms-of-r eference . A survey can be a

potent political tool, in the service or disservice of research. Both a survey and
a calculated avoidance of a survey may be used to manoeuvre a study in a desired
direction.

The methodological difficulties of conducting a survey can in large measure be
overcome, but the political resistance may be insurmountable. Furthermore, it is

likely that the political resistance may, at least in part, be based on erroneously
attributed methodological limitations. For example, resistance may be due to a mis-
conception about a survey somehow producing wrong results, or a priori favouring
some group over others. Conversely, resistance to surveys may stem from quite a

correct understanding, and fear, of their true utility. Lobbying by a pressure
group may have caused minority views to become accepted as a general public atti-
tude, and members of such groups may be well aware that a random sample survey might
reveal very different attitudes which may erode the position they have established.
The outcome of a SIA, as rejection, approval or modification of a proposed under-
taking, may be very different according to whether or not a survey has been part of

the overall methodology.

As a general rule, the authenticity of data can be improved through a random
sample survey. That is, if the population is appropriately defined (itself a more
difficult task than it would initially seem, as later discussion will show), and if

the survey sample is both random and representative, data generally tend to be more
useful to a SIA than data, say, only from public participation events. There is

some evidence however, that in certain cases non-random methods, such as workshops
or other public participation formats, may result in conclusions that are similar to

those obtained in random sample surveys (Conway 1979; Heberlein and Prouty 1976).
Nevertheless, public participation formats present at least a greater potential for

lobbying and in all instances would have a self-selective attendance, thus limiting
the inferences that can be made to larger groups.

TIMING OF THE SURVEY

The descriptive data may be necessary early in a project in order to define
the populations for which subsequent more detailed assessments should be carried
out. A survey may be used to identify activity patterns in a larger population to

delineate boundaries and define sub-populations with a specific relationship to the

proposed undertaking being reviewed. Surveys administered as personal interview
questionnaires, or as mailed questionnaires, take considerable time. Ideally, all

copies of the questionnaire forming part of one survey should be administered at the

same time, or in as short a time as possible, so that answers will be relatively
comparable, at least against a time-variable. In environmental assessment studies,
events may happen rapidly and if the questionnaire is administered over several

weeks, say, the opinions of early respondents may not be comparable to later ones,

since intervening project events may have introduced a change-factor . In an interview
survey, attempts to carry out the survey at one point of time, so that it is as

little affected as possible by evolving project events, would necessitate a large

number of interviewers to carry out the work during a short, compressed period.

This would introduce bias due to differences between the large number of intervie-

wers and perhaps due to the need to hire as many interviewers as are available
rather than being able to select only competent ones. Alternatively, of course, if

interviews are stretched over a long period with a smaller survey staff, bias would
result from the time factor.

Public hearings, meetings, workshops, and other events provide opportunities
in which a survey may be used to improve the inmformation that is exchanged or the

joint decisions that are made. However, since attendance at public meetings is

self-selective, such groups must be considered as small populations, and not as sam-

ples from which inferences can be made to larger populations. Nevertheless, ques-
tionnaires may still be administered to such groups. The results of public meetings

often tend to be impressionistic and the sentiments of those present may not always

be registered accurately. A questionnaire could both structure such meetings, as

well as record information more accurately. For example, in a study of the impact

of expanded resort development on a tourism region in northern Saskatchewan, a
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questionnaire was used at a public meeting to assist the audience in recording
information about the study area (Jaakson e^ al. 1976). Part of the questionnaire
consisted of a map of the area, and people in the audience were asked to locate
positions on the map, using a separate code for each question.

The decision of when in an environmental assessment a survey questionnaire is

administered can be critical to the legitimacy of the survey results. There may be

a particular stage in the project when emotions are at a peak, as when a proposed
undertaking is first announced or when key impacts have been identified and made
public. Any survey which coincides with such events will generate results that are

accordingly biased and do not reflect longer-term views. But in certain cases it

may be desirable to administer a survey precisely when opposition is peaking, to

measure the public's mood at such times and to provide a basis of comparisons to

attitudes later on. Sequential surveys would reveal changes in public attitudes,

possibly as a result of new data on impacts or adjustments made to a proposed under-
taking. However, it is senseless to administer a survey which measures attitudes to
a project before the respondents to the survey have had adequate opportunities to

learn about the nature of the impacts and other relevant associated issues. The
case study at the end of this paper is an example of a survey carried out premature-
ly, before the public had the requisite knowledge about issues related to a proposed
development. How to disseminate the necessary information, and how to assess
whether the public is adequately prepared to answer a questionnaire, must be a goal
of every survey. It cannot always be assumed that public meetings, media releases
and other information dissemination methods have reached all members of the popula-
tion from which a survey sample is to be drawn. If information is unevenly distri-
buted, considerable bias may exist in the survey results. One way to overcome these
difficulties is to establish the necessary knowledge for informed responses as part
of the questionnaire design - an endeavour that would almost make an interview obli-
gatory. Certainly a study design where intentionally rationed information is given
as part of the survey, i.e. where some groups in a survey are given different or
more information than other groups, yet where answers are compared across groups, is

unacceptable. Unfortunately, the case study discussed later illustrates precisely
this point.

THE TARGET POPULATION AND THE SAMPLING FRAME

Who should be the recipients of a survey questionnaire and how is the popula-
tion for sampling to be defined? It may at first seem obvious that the target popu-
lation consists of all those potentially affected by a proposed undertaking, but
determining just who is affected, by which impacts, when, where, and how is no easy
task. In SIA in fact, determining the impacts is as important as determining the
victims. Even the most competent measurement of impacts will be incomplete if all

those who may be affected are not included in the subject populations. Furthermore,
since impacts are not static in time or fixed in space, their dynamic character must
be recognized in the identification of subject populations. And not least, the very
definition of what constitutes an impact, effect, or result if a proposed underta-
king proceeds, as proposed or amended, or does not proceed, is complex yet impera-
tive to a survey intended to contribute to an understanding of these very complexi-
ties. By extrapolation and extension of project effects and impacts over space and
over time, the populations that may be defined can become unwieldly in their size
and distributions. Ultimately, a rationale has to be established for the delinea-
tion of boundaries. A concentric-circles model radiating from the site of a propo-
sed undertaking, with a distance-decay function in impact severity (an "impact
contour map") is at best incomplete and probably quite incorrect. Consider a hypo-
thetical case of a region with a high wilderness quality, one that is so recognized
internationally both by biologists and by visitors to the area. In part of the
region there is also a limited forestry industry. The provincial government is

considering the issuance of licences to permit forestry companies to expand their
logging operations in a major way. Not only will the territory for timber produc-
tion be expanded, but operational characteristics will also change: new tree species
will be cut, clear-cutting will predominate, and sustained yield requirements will
be threatened. But due partly to pressure by conservation organizations, biologists
from around the world, and local groups, an assessment is to be made of the likely
impacts of the expanded logging operations. The assessment is to include a survey
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of "people likely to be affected" by the proposed policy of expanded timber produc-
tion. How are these people to be defined?

There are both substantive and operational considerations in such definitions.
The substantive considerations revolve around a causality model of the expanded
logging proposal and its attendant activities as the cause of effects on people
directly and indirectly. Operational considerations deal with how members of each
population are to be identified, how they will be selected, and how the survey is to
be administered. Ideally, the substantive issue should determine the operational
one but reality may impose operationally derived limitations on the definition of
the population(s)

.

In the case of the effects of logging on wilderness, the populations may be
defined by their dependence on, or relationship to, logging and wilderness. Once !

defined, the operational decision may be to carry out random sampling of each group,
possibly with a variable sampling fraction, to ensure that each group is adequately
represented. In addition to a general household survey of area residents (perhaps
using a mailed questionnaire), more detailed interview surveys may be targeted to
special populations in the area: those specifically dependent on the forestry
industry (logging companies, saw-mills, machine shops, etc.) and those dependent on
the wilderness tourism industry (outfitters, lodge operators, sporting goods retai-
lers, etc.). Any stratified random sampling of local populations would have to
ensure that all members are adequately included, and that no group members with
unique attributes are inadvertently excluded. For example, are cottagers to be in-
cluded as a stratum of the local population or as a separate "seasonal" population?
Although tourists to the area can be defined by previous visits to provincial parks
and other public recreation facilities, as well as to commercial sector operations,
nevertheless such available lists of the tourist population would still be incom-
plete. How would potential tourists be influenced by changes in the area? Even
more difficult would be the identification of people who do not actually visit the
wilderness, yet who appreciate its value and cherish its continued existence.
Awareness and appreciation of wilderness may be affected and this should be as real
a concern in a SIA study such as this, as presumably would be the concern for

effects on actual visitation to the area.

How could a survey measure wilderness appreciation and its threatened loss? A
survey could be designed along the lines of public opinion polls first developed as

standard questions by Gallup (1947), and subsequently considerably refined (Moser
and Kalton 1972). Random samples could be drawn from populations in several cities
and smaller communities, with the survey questions being used in a short telephone
interview. (Telephone interviews are now an established and accepted form of short
opinion polls, but there may still be limitations associated with them; in the past,

there have been acute problems with such surveys.) In the hypothetical example of

loss of wilderness due to logging, the awareness of the loss would be a very real

psychological impact, affecting people who may live a long distance from the region
and who may never have visited it nor intend to do so. The societal benefits which

accrue to the continued existence of such a wilderness area would be represented
both by on-site use and off-site appreciative-awareness use. On-site users would,

however, entail a cost in the form of reduced quality of the wilderness which they

use, manifested as physical impacts and crowding.

Whatever the populations defined for a survey, they have to be translated into

sampling frames, usually in the form of complete lists of all members in a popula-
tion from which a sample is to be selected. Inadequate sample frames or incomplete
lists of units representing a population, can ruin a survey. In 1936 the "Literary

Digest" conducted a mailed survey to predict the election of a president from the

two candidates Alf Landon and Franklin D. Roosevelt (Babbie 1973). Because lists of

all registered voters were not available, lists were instead compiled from telephone

directories and automobile registrations. The poll predicted a victory for Alf

Landon. However, during the Great Depression of the 1930's, many low income people

were excluded from the survey, because they had neither a telephone nor a car. Even

though over two million replies were used to make the prediction, an imcomplete

sampling frame resulted in the wrong prediction - one that was off by 20%.
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Sampling error due to chance differences between members of the population who
are included and those who are excluded, will decrease as the sample size increases.
However, a mistake in how the sample is selected will introduce serious bias, since
there is usually a constant error in the selction procedure, and this error does not
decrease with an increasing sample size. Thus, compounding the problem in SIA
surveys of identifying the appropriate populations is the difficulty of finding
accurate sampling units of these populations and designing appropriate sampling
methods. Also, increases in absolute size of a sample reduces the standard error of

the estimate more than do increases in sampling fraction. If analysis of the survey
results is to be by subgroups of the total sample, then a larger over-all sample
size is necessary, to prevent the absolute size of the sample in each group from
becoming so small as to make the confidence intervals for the estimates unaccept-
able. Too often the over-all sample size in a survey is inadequate for the detailed
between-groups comparisons that are frequently presented in survey reports. The
intended detail of analysis thus also determines sample size.

ADMINISTERING THE SURVEY

As a research instrument, a questionnaire has to provide information that is

reliable and valid, as well as relevant to the SIA. Relevance, validity, and reli-
ability are influenced both by the mode of administration and by the content of a

questionnaire. A survey may be administered as a mailed questionnaire, as a direct
personal interview, or as a telephone interview. These formats entail either a

self- administered or an interview mode of implementation. The first step in

questionnaire design, as a sub-set of the survey design (itself a component in the
overall assessment project), is to select the mode of administration, since this
determines to a great extent the detailed design of the questionnaire as a measure-
ment tool.

The key advantage of a self-administered survey, such as a mailed question-
naire, is that a large sample may be included relatively cheaply, and that dispersed
or mobile populations can be reached. Organizationally, a mailed self-administered
survey is relatively less complex than an interview survey, and the absence of
personal contact with respondents avoids potential antagonism toward interviewers -

a significant concern in environmental assessment. However, the response rate tends
to be low and serious bias could be introduced due to differences between respon-
dents and non-respondents to the survey. The response rate to mailed questionnaires
is influenced by three main factors; sponsorship (the more prestigious the sponsor,
the higher the response rate tends to be), the population (lower-income and lower-
educated populations generate lower response rates), and the subject matter (diffi-
cult material and issues that seem irrelevant to the respondents generate a lower
response rate). It is the third factor, the subject matter, which arguably has the
greatest influence on the response rate, and the receptivity more generally, of a

survey in a SIA.

In many SIA's strong opposition may develop to the proposed undertaking. Even
if this opposition consists of relatively few members from the total population, a

higher response rate from this group could seriously bias survey results. There is

evidence that the response rate tends to increase if respondents perceive that they
will gain something by completing and returning a questionnaire (Scott 1961). Those
who are indifferent or favourably disposed to the proposed development, would be
less strongly motivated to complete and return a questionnaire, than would those who
are opposed to or are actively fighting the project. Thus the survey results tend
to exaggerate opposition; answers to key questions could be weighted accordingly,
but there would have to be a defensible rationale for the weightings. In addition,
in mailed surveys there may be a problem with questions that have been misread or
misunderstood. Complex issues are difficult to include in a self-administered
questionnaire, and there is no opportunity for an interviewer to review or explain
troublesome questions. Bias due to responses and non-responses could partly be
measured by sending interviewers to the non-respondents (assuming lists of them are
available, and that the survey is designed so that it is possible to tell who has
and has not returned a questionnaire - something that may not be possible in surveys
that are truly confidential and anonymous). Results of interviews with a random
sample of non-respondents could then be considered as approximating the general
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group of non-respondents, and the results from the two groups could be compared to

locate differences. There is evidence that answers collected with different
questionnaires are relatively comparable (Hochstim 1967).

The main advantage of an interview survey is the direct contact with the
respondent: the interviewer can explain questions and outline supportive information
about the proposed project to make the respondent's answers more knowledgeable.
Visual aids, such as written answer cards (showing semantic differential scales, for
example), pictures (of existing structures similar to what is being proposed, or of

proposed structures drawn as superimposed images over photographs of a site) or
maps, may be used to facilitate the administration of the questionnaire. There is

perhaps some tendency for interview questionnaires to be designed almost as if they
were self-administered, with the presence of the interviewer not completely taken
advantage of in the design of the questionnaire and how it is to be administered in
the interview. Information obtained from interviews, nevertheless, tends to be more
accurate; with call-backs, an almost perfect sample can be obtained. Since SIA may
deal with complex technical issues or personal activity patterns, attitudes, and
behaviour, the questionnaire can be designed to measure such elements much better
and in more innovative ways, than could a self-administered questionnaire. However,
interviews introduce a unique type of bias, attributable to the interviewers who
administer the questionnaire. There may be a tendency to bias due to over-rapport
between the interviewer and the respondent (the interviewer may give unintentional
hints to the replies to some questions), or the interviewer may be biased against a

repondent who may reveal attitudes with which the interviewer disagrees. The trai-
ning given to interviewers is important, and should not be limited only to the
administration of the questionnaire, but should include a thorough orientation to

the SIA study as a whole: the purpose for the proposed development, the design of

the over-all environmental assessment study, the function of the social impact com-
ponent within the over-all assessment, and the role of the survey as an instrument
of measurement. The interviewers become representatives of the study and by extent
may be seen by the public as agents for the proposed development. Of course, an-

other level of bias would be introduced if interviewers gave different types of

information to respondents, and if the information flow were not standardized. The
attempt, then, should be to disseminate information, without this information itself
becoming a source of bias in the survey results.

Each question considered for inclusion in the survey should be reviewed criti-

cally as to how useful it will be in analysis: how will data from a question match
the problems of what the survey is intended to address? Ontario Hydro (1974) in one

of its surveys of public attitudes to a proposed thermal generating station recorded
the respondent's sex, and in the report an entire appendix of 17 tables consists of

cross-tabulations of answers by sex. Yet nowhere in the study is there any discus-
sion of why attitudes may differ by sex, and if they were to exist, why such diffe-

rences might be relevant to the study. In fact, the report does not indicate
whether differences by gender to the answers in the questionnaire are statistically

relevant (no significance tests are cited), or even otherwise relevant to the study.

Is one question adequate, or should more than one question be used to deal

with an issue? In the earlier example of loss of wilderness due to expansion of

logging, instead of one question directed to attitudes about increased logging, for

example, there could be several questions each of which would address a specific

aspect of logging: increased volume of trees cut, location of trees cut, methods
used in cutting, site impacts (soil erosion, stream sedimentation), and effects on

wildlife. Similarly, economic effects could be divided into a set of questions to

deal with possible new job opportunities in the forestry industry, and another set

to deal with loss of jobs in the tourism sector of the economy. That is, a series

of separate questions would give a stronger measure (possible a scale developed from

these question) of attitudes to increased logging, than would one omnibus question

such as "What are your views about increased logging in this area?", followed

perhaps by a semantic differential scale. The different questions could very well

reveal that respondents may view negatively the physical-environmental effects, but

may believe that there will be increased job-opportunities in the area, due to

expanded logging. However, hidden or voiced assumptions behind such beliefs would

have to be anticipated, and incorportated into the questionnaire design.
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INFORMATION FLOWS IN THE SURVEY

The role of the survey is both to collect and to disseminate information. The

survey has to be designed to make necessary prerequisite information about the

project known to the respondents, either as part of the questionnaire design itself,

or as part of a larger public education program. For example, Ontario Hydro (1974;

1975) discovered that an entire survey was invalid since it had been carried out

prematurely at a time when the public had inadequate knowledge about the proposed
project being reviewed. As a result of wrong timing, an inadequate questionnaire
design, and carefully censored information given to the public, the survey had to be
repeated a year later. The second survey revealed much greater and more widespread
opposition to the proposed project than had been indicated a year earlier by a

public largely ignorant of the issues. The case study at the end of this paper
elaborates on this.

Stemming from these informational attributes of a survey used in multi-disci-
plinary environmental assessment, is the characteristic of a survey both as an
interactive and reactive tool. Most surveys have a reactive element, but the inter-
active role of surveys in environmental assessment is particularly noteworthy. The
survey questionnaire becomes not only an instrument of measurement, but also an
instrument of action: of dialogue with and information flow to the respondent, as

well as from the respondent. A survey is not a static event, even though it may
occur during a defined period. Both the survey as an instrument and the larger
environmental assessment study must be viewed as being dynamic and as possible
change agents of the proposed development itself. A SIA study design must antici-
pate that a survey, or other assessment method, may create new or heighten existing
expectations in a community. For example, every survey questionnaire needs to be

pre-tested in the field, using the same type of respondents as the final survey is

targeted to. But in a small community, word-of-mouth communication from those
involved in the pre-tests, about the content of the preliminary questionnaire, could
create evolving expectations, changing attitudes, and changing available informa-
tion, which would influcence the reliability of the ultimate results of the survey.

Closely associated with this interactive character is the reactive nature of
social assessment surveys. The reactive and the interactive are, in fact, interde-
pendent. The reactive character of surveys in general can be anticipated, although
it may be difficult to predict the direction of the influence in the reactivity.
For example, let us consider the monitoring of public attitudes to a nuc learpowered
thermal generating plant, where, say two or three years after its completion, a

survey is administered to area residents. Some respondents to the survey, let us

call them Group A, may have learned to accept the plant, although perhaps not to

love it, or they may have become indifferent to it. The survey could be received by
Group A members with surprise if over a three year period they have adjusted to the

reality of the existence of the plant. Group A members may question the need for a

survey and may speculate about what they believe would be the ulterior motives of

the sponsors of the survey. As a result, Group A members may become discontent,
disillusioned, critical or suspicious, regenerating old emotions. Attitudes may be

verbalized as "If everything had been fine, they wouldn't be doing a survey" or
"Something's wrong, they're worried, they want to change something, they're fishing
for something ...". For members of Group A the survey is reactive since it will
cause a negative reaction - one which did not exist, or exist actively, immediately
prior to the survey.

In contrast a second group could consist of residents who may have retained,
developed or intensified negative feelings and resentment against the management
they have come to identify as the personification of the plant, and its imagined (or
real) indifference and callousness. To members of this group, the survey could come

as a pleasant surprise since it could be interpreted as a welcome indication that
management is not, after all, indifferent, but does seem to care - as evidenced by
the survey. Attitudes by Group B members could be verbalized as "They're concerned
about how we feel, maybe they're not all as bad as we had thought" or "They're
willing to listen to us, maybe things have been or can be improved". The reactive
nature of the survey with Group B members is that the survey, by the very fact of

its administration, creates new positive reactions from the respondents. With both
Group A and B members, the survey does not measure attitudes as they were before the
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survey, but rather as they have become due to the survey. If there is objectivity
in the measures, the objectivity is of that which has been created by the measure-
ments! This reactive element of surveys is known as the "Hawthorne" effect, after
the location of the Western Electric plant where it was first noticed in experiments
with assembly-line workers (Roethl isberger and Dickson 1939). However, more recent-
ly, re-analysis of the original experiments suggest that there may have been no
"Hawthorne" effect when it was first believed to have been manifested (Franke and
Kaul 1978). The term has endured, nevertheless, and the phenomenon has been obser-
ved in many studies.

It may be possible to anticipate the reactive element of a survey, if informa-
tion about general attitudes prior to the survey is available. However, it is vir-
tually impossible to predict which specific survey respondents will have what reac-
tive response to the survey. That is, there are likely to be both Group A and Group
B members in the sample. Specific questions could be included in the questionnaire
to identify reactivity, as for example "In general, during the past six months, what
has been your attitude to the nuclear plant?", followed by "Is that how you still
feel today?" or "What is your attitude to the plant now?". The reactive nature of

surveys reiterates the limited objectivity of survey responses. Bradburn and Sudman
(1979) have also identified the unreliability of survey data due to intentional
falsification of respondents' answers, and they have suggested means of overcoming
or dealing with dishonesty in responses given to a questionnaire.

CASE STUDY

In 1974 Ontario Hydro carried out a survey in the North Channel region between
Manitoulin Island and the mainland (Ontario Hydro 1974). The format for the discus-
sion of this case study here will be to review each section of the report, with
emphasis on the design of the questionnaire itself.

THE PROBLEM

The problem of seclecting suitable sites to supply the

future electrical energy needs of the citizens of Ontario
represents a challenge for Ontario Hydro. The proposal for

a site is ultimately based on a combination of technical,
environmental, social-cultural and economic factors. The
results of these (public attitude) studies will be utilized
in conjunction with the results of other preliminary studies
in the development of a proposal for a possible future

energy centre site in the area.

In fact, after careful reading it is clear that there is no "problem" state-

ment as such in this section. The main points made are:

1. that selecting a site is "a challenge for Ontario Hydro", but

there is no mention of why and how it is a challenge;

2. that a site is ultimately based on a combination of factors; and

3. that results from public attitude studies "will be utilized ... in

the development of a proposal for a possible future energy centre

site in the area", but without any indication of how the public

attitude survey would assist in this task.

TWO SEPARATE STUDY AREAS

The study area in the North Channel was divided into an east and west section.

The report states that: "in establishing the geographic boundaries it became appa-

rent that the entire area under consideration should be divided into two separate

study areas because of differences in economic base activities and varying degrees

of recreational land use ...". However, the report does not indicate why or how

such differences may affect the location of an energy centre (for example, if one or
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the other area had recreational or other attributes that should be protected or pre-

served, then why not eliminate it from the study?), nor does it indicate why there

is a gap between the two areas. The reader of the report has the impression that a

number of candidate sites had already been selected, and that the study boundaries

were delineated to encompass them, rather than to identify them.

QUESTIONNAIRE

A direct personal interview questionnaire was used, consisting of 16 ques-

tions. The questionnaire is introduced with the statement "Hello, I'm Joe Smith
from Little Current. I will be working for the next two weeks as one member of a

field interview team gathering attitude information for Ontario Hydro. Would you

mind answering some questions for me?". The statement is incomplete since it states

only that Ontario Hydro will be "gathering attitude information", and makes no
mention of why it is doing so, or of what use would be made of the information.

Question 1: "Are you aware of Ontario Hydro's plans to look for a possible
future thermal generating station site in this area?" Yes No

A stronger measure of awareness would have been obtained with an alternative ques-
tion such as "Could you please indicate what plans you might be aware of that

Ontario Hydro has for this area?". Answers to this question would inicate better
whether or not a respondent was aware of Ontario Hydro's plans for a thermal genera-
ting station, since it is up to the respondent to report it, rather than to answer a

question in which the thermal generating station is being reported.

Question 2: "Are you aware that this site could also include a heavy water
plant?" Yes No

The questionnaire guide instructs the interviewers to explain the nature of a heavy
water plant to those respondents who are unfamiliar with it. However, the guide is

ambiguous since in one sentence the interviewers are instructed to tell the respon-
dent "... that it could (emphasis ours) include a heavy water plant", while in the

next sentence it instructs the interviewers that ". .

.

people should be made aware
that such a plant will be (emphasis ours) part of the energy centre™. If the guide
booklet for interviewers is confusing, the information given to the respondents in

interviews will also be confusing. As with Question 1, the better alternative here
would be a question such as "Could you describe for me what you may have heard about
such a possible future generating station?".

Question 3: "How did you first hear of the proposal?" Answer codes are:

newspaper, radio, T.V.

,

Hydro personnel, friend, relative,
rumour, and other.

The design of the questionnaire is unclear as to whether the answer options are read
to the respondent, or whether the respondent's answer is coded into one of these
categories

.

Question 4: "How would you feel about a site being selected in this area?"
The interviewer reads the scale: "Strongly opposed, opposed, in

favour, strongly in favour". In addition there is a category
"Not enough information", which is not read. Following the first
part of Question 4, the respondent is asked "Why do you feel this
way?", with the responses recorded on a check list of reasons,
each of which is categorized as "bad, neither good nor bad,
good"

.

The report views Question 4 as one of the key ones in the questionnaire. However,
consideration of whether or not a respondent has enough information to have an
opinion about a site being selected in the area, has been treated inadequately.
Question 4 assumes first, that a respondent has an adequate basis of information,
and second, that the respondent has an opinion about a site being selected in the
area. The designers of the questionnaire were aware of this inadequacy, as is

revealed in the instructions to the interviewers, which state that respondents may
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not have enough information to answer Question 4. Nevertheless, when the intervie-

wer reads the scale of opinions to the respondent, and because the option "Not

enough information" is not suggested or read as part of the scale (this answer cate-

gory applies only when the respondent uses it spontaneously), answers are enticed
from respondents. An alternative would have been to include a question such as "Do

you believe you have adequate information about what a thermal generating station
is, to indicate whether or not you would support or oppose its location in this

area?", followed by an opinion scale about the desirability of a location, for those
respondents who answer "yes". Respondents may feel that even with the information
given to them by the interviewer, they do not have sufficient information. If asked

to indicate an opinion, most respondents will do so, especially if the alternative -

of not having an opinion - is not suggested. The survey results substantiate this

point. Some 36% of respondents had not been aware of Ontario Hydro's plans to look

for a possible future thermal generating station, yet only 7% indicated in response
to Question 4 that they did not have enough information to express an opinion! The
question remains as to whether the interviewers supplied enough information to those
respondents who were unaware of Ontario Hydro's plans, in order to express an opini-

on in Question 4. The information provided by the interviewers consisted of a

definition of a nuclear power plant ("In a Canadian nuclear power plant, heat is

produced by means of controlled nuclear reaction using uranium fuel. This heat is

used to drive turbines to generate electricity in the same way that heat from coal

or oil-fired stations would be used."), and of heavy water ("Heavy water exists in

ordinary water, but in very small concentrations and is used in nuclear power
plants. In order to separate the heavy water from the ordinary water a large chemi-

cal plant is required".), together with the statement "a future energy centre in

this area could include both a nuclear generating plant and a heavy water plant".

Unfortunately, elsewhere the questionnaire guide for interviewers also instructs
that "... people should be made aware that such a heavy water plant will be (empha-
sis ours) part of the energy centre".

Question 5: "Would you like to see more industry in this area?" Yes No
Undecided . The question is followed by "Why?", with reasons
coded as in Question 4.

The question is overly broad: what is meant by industry - what kinds of industry,
and where is "in this area?". Throughout the questionnaire, reference is made to

"in this area...", which presumably means either anywhere in the North Channel study
area, or anywhere in the immediate vicinity of the respondent's home. The sequence
of Questions 4, 5 and 6 may also leave some respondents with the impression that if

a thermal generating station were to be located "...in this area...", there would be
more industry and jobs in the area, as well; that is, the sequence has an implied
causality. The question is a good example of a positive bias-inducing trick, inten-
ded to create a favourable mood in the respondents. The question which remains un-
answered is, of course, whether a themal generating plant would necessarily create
more industry, whether a thermal plant would be the only way to do so, and whether
new industry would translate into more jobs, as contrasted to new jobs (some jobs
may be lost). An analogy would be a survey on a proposed urban expressway, in which
respondents are asked "Would you support an expressway to relieve traffic congestion
in this area?", the implication being that an expressway would solve the congestion,
whereas in fact it may create more congestion in a neighbourhood. Moreover, there
are other ways of creating more jobs than with a thermal generating plant (it may
not be the best method, especially if there are already adequate electricity sup-
plies), just as there are means other than expressways of relieving urban traffic
congestion.

Question 6: "How do you feel about the use of nuclear power for generating
electricity?" The interviewer reads the same scale as for
Question 4. The question is followed by the supplementary
"Why?".

Much of the discussion of Question 4 also applies here, particularly the central
issue of whether the respondent has adequate knowledge about nuclear power, to
express an opinion. Paradoxically, while most questions include the phrase "...in
this area...", this reference is studiously avoided in Question 6. The implication
made possible in analysis and discussion of the survey results is that respondents
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who support nuclear power also support nuclear power "in this area". An alternative
format for this question would be "In general, without specific reference to Ontario
Hydro's plans for this area,...", or the opposite, to insert "...in this area..."

into the question.

Question 7: "If a nuclear plant were situated in this area, how close to it

would you be willing to live?" The respondent is encouraged to

give the answer in miles, and the answer is coded by distance
categories ranging from 1-5 miles to 2 1 miles or more, together
with the categories "as close as authorities judge safe", "as

far away as possible", and "undecided".

Unfortunately, there is no provision in Question 7 for respondents to indicate that

they would prefer not to live near a nuclear plant at all - not even "as far as

possible" since this still implies the existence of such a plant. The question also

has a nonsense implication that residents are mobile enough to be able to relocate
away from a nuclear plant, or have the power to induce the plant to be located a

defined distance from where they live.

Question 8: "Are you familiar with Ontario Hydro's public participation
procedure?" Yes No

The interviewers are warned in the questionnaire guide that "in general the public
will not be familiar with this procedure. A very brief description will be given to

them". The guide also instructs the interviewers that "the (public participation)
procedure enables the general public to have some input in selecting a site for a

generating station once the approval for construction has been obtained...". That
is, the public may have (some) influence on siting, but only after the primary deci-
sion to build a generating station has already been made. Nevertheless, Question 8

should be viewed as a means of communicating information to the respondent, as is

its intent stated in the questionnaire guide for interviewers.

Question 9: "If the decision is made to locate a generating station in this

area, how much responsibility do you think the local citizens
should have in selecting a site?" Interviewers read the scale
"Very much, some, very little, none at all, (and undecided)".
Definitions of these categories are provided, and are described
in the questionnaire guide. For example, "very much" is defined
as "residents have final word" (on location of a station, not

whether a station should be built or not
,

and "not at all" is

defined as "since Hydro knows best what it is doing, other
people should not be involved".

Perhaps the very first word in Question 9 is its key: "If the decision is made...".
The implication, it seems, is that the public may benefit from Ontario Hydro's
public participation programs as a means of influencing the selection of a site, but

as long as it does not influence the prior decision to have a thermal generating
station in the area in the first place. If there is flexibility in site selection,
then why not also in selection of an area for the site? A partial solution would be
to have two questions, where the first funnels to the second. For example, "How do

you think the decision to locate a generating station in an area should be made?",
followed by Question 9. Of course, the more profound underlying issue of true
citizen involvement in decision-making still is avoided.

Question 10: "Ontario Hydro predicts an increasing demand for electricity.
Do you agree with Hydro's prediction?" Yes No Undecided

Why this question would be asked at all appears a mystery, but the questionnaire
guide for interviewers attempts an answer: "This question is asked as a preliminary
to Question 11". This admission explains why the question makes no mention of

assumptions behind the predictions, and why Ontario Hydro would seem to believe at

all that the lay public has a basis on which to disagree with its predictions (no
supportive information is given in association with this question). A sincerely
motivated question would have been one which lists and explains the assumptions made
by Ontario Hydro in deriving their predictions for increased demand for electricity,
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and to ask the respondents to indicate degrees of agreement or disagreement with
these assumptions. The inescapable conclusion to be drawn from Question 10 is that
it is designed not only "as a preliminary to Question 11" as the questionnaire guide
admits, but to intimidate the respondent (who, after all, is the respondent to
disagree with Ontario Hydro...?) or to flatter the gullible respondent with the
implication that the respondent's agreement or disagreement is of importance to
Ontario Hydro and might even be seriously considered.

Question 11: For those who agreed with Ontario Hydro's prediction of increa-
sed demand for electricity, Question 11 is: "Since there is a

need for more electrical energy in Ontario and since this area
has some of the best possible sites, do you think this area has
a responsibility to provide a site on which some of this energy
can be generated?". For those who disagreed with Ontario
Hydro's prediction in QuestionlO, the first part of the question
is instead "If it could be demonstrated to you that there is a

need for more electrical energy in Ontario..." Yes No
Undecided

This is a classic example of a leading question - one in which emotive words are use
("...since this area has some of the best sites...") to direct the respondent to a

desired answer. The "leading" content in Question 11 can be defined in three ways:

1. that there is a need (or the need can be demonstrated) for
more electrical energy;

2. that "...this area has some of the best possible sites..."
and

3. emphasis on social responsibility: "...this area has a

responsibility (emphasis ours) to provide a site...".

The question has one other very devious word-choice: whereas elsewhere in the inter-
view reference is made to a nuclear power plant, thermal generating station, or an

"energy centre site", here these terms have been studiously avoided, in favour of
reference to an innocuous "site on which some (of this) energy can be generated".

Question 12: "Do you think that controls should be imposed to limit the
industrial use of electricity?" Yes No Undecided

This question is a perfect example of a common mistake in questionnaire design: the
hidden assumption. To a perceptive respondent, the question suggests that if there
were to be limits on the industrial use of electricity, there would also be limits
on other uses of electricity. Further comments on this question will be considered
in tandem with Question 13.

Question 13: "Do you think that controls should be imposed to limit the

household use of electricity?" Yes No Undecided

The two questions together illustrate an important differece between self-administe-
red and interview questionnaires. In a self-administered questionnaire, the respon-
dent can scan back- and- forth between the questions; a glance down the page would
show that more than one type of electricity use is being proposed for limits. By

contrast, in an interview there is a strict sequentiality in the questions: respon-
dents do not know what questions will follow and usually will not, or cannot, return
to previous questions to amend their earlier answers, based on subsequent questions.

An alternative to Questions 12 and 13 would be to ask the respondent to check off

one or more items in a list of electricity uses which the respondent believes should

have limits to control consumption.

"What do you think of the quality of service provided by Ontario
Hydro?" The respondent is read the scale: very bad, bad,

undecided, good, very good.

Question 14:
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In a direct personal interview this question will tend in the direction of favour-

able responses, since some respondents may be intimidated by the interviewer (they

may see the interviewer as a direct agent of Ontario Hydro), or they may have a

desire to appear cooperative and friendly, to please the interviewer, or to be liked
by the interviewer. In a self-administered questionnaire where ananonymity is

guaranteed, responses to this type of question tend to be more honest than those
from an interview. The question has an additional weakness in that it does not

specify the various areas of service provided by Ontario Hydro. A respondent may
feel, for example, that service for home heating is good, but that the repair of

storm-damaged hydro lines is too slow. As an alternative, the respondent could be
shown a list of Ontario Hydro's services, and be asked to indicate a qualitative
assessment for each item.

Question 15: "Do you think that Ontario Hydro is: Trustworthy? Concerned for

people? Too powerful?" Each question is read as a complete
sentence: "Do you think Ontario Hydro is trustworthy?" Answers
are coded as: Yes No Undecided

Some of the comments made on Question 14 apply here as well. If the variables
"trustworthy", "concerned for people", and "too powerful" were to be measured more
accurately, a semantic differential scale for the responses should have been used.
However, the more basic issue here is what the purpose of Questions 14 and 15 is in

a survey directed to finding a site for a thermal generating station. One could
argue that these questions can be included at the end of the questionnaire, to

obtain some very general indications of public opinion about Ontario Hydro. But

since every questionnaire must strive to maximize its efficiency, to cover the

essential issues as parsimoniously as possible, then the opportunity costs associa-
ted with Questions 14 and 15 may be considered to be unacceptable. That is, in a

questionnaire of the same length, other questions more directly related to the

purpose of the study could have been substituted for Questions 14 and 15. The total

questionnaire, as it now is, certainly does not cover all the issues, or even most
of them, yet it includes several questions not even remotely connected with the task
of selecting a location for a thermal generating plant.

Question 16: "Do you have any other ideas, feelings, or comments?" As a way
of concluding the interview, this is a standard question which
provides an opportunity for unstructured dialogue.

SAMPLING STRATEGY USED IN THIS CASE STUDY

The population in the east and west sections of the study area was divided
into three groups:

1. all full-time households (702 households in the sample);

2. cottage owners (148 interviews);

3. "special respondents": people in local leadership posi-
tions, in local government, etc. (50 interviews).

The first population was sampled, using Federal Lists of Electors. The sample size
was calculated to give estimates which would not differ from the population value by
more than 5% more than once in every 20 samples. The second group (cottagers) was
sampled on a quota basis: clusters of cottage areas were delineated, and intervie-
wers were instructed to secure a minimum (quota) of interviews from each cluster.
The second sample is non-random, and inferences cannot be made about the total
cottager population. Considerable bias can be expected in the cottager sample,
since the interviewers had control of how the respondents were selected. The third
sample was selected purely on the basis of who was available and willing to be

interviewed, and "as many as possible" of the members of the "special respondents"
were interviewed. The bias in these selections is such as to preclude the data for
almost any serious analysis. For example, was there a tendency to interview only
those area politicians who were known to be supportive, and to avoid or exclude the
critical ones? Were leaders of all pressure groups and organizations included?
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What was the refusal rate? However, it must be acknowledged that Ontario Hydro's
report is forthright in bringing the reader's attention to the limitations in the
sampling procedures, and that the report emphasized that inferences cannot be made
to larger populations from the cottager and special respondent samples.

ADMINISTRATION USED IN THIS CASE STUDY

Interviewers were recruited from the region, and included French and 0jibway
speakers. Training sessions were held, and the information that interviewers could
reveal to the respondents was carefully controlled. A detailed questionnaire guide
was prepared to assist the interviewers and to standardize the questionnaire admini-
stration. However, different groups of interviewers were used for different popula-
tions. The resident household and the cottager interviews were carried out by a

team of inteviewers who were hired for the project duration. These included
teachers, university students, and adult education specialists from the area. By
contrast, interviews with the "special population" i.e. with mayors, reeves, Indian
Band leaders, politicians, etc., were carried out by professional survey experts
from the Ontario Hydro Public Attitude Research Department.

Perhaps the single most questionable design characteristic in the survey was
the censoring of information given to respondents in the household and cottager
populations: interviewers were instructed to give only the information that had been
prepared in the interview guide, i.e. to read the prepared definitions of terms,
such as "heavy water", and "nuclear power", etc. By contrast, more detailed and
different information was made available to the "special respondents" i.e. politi-
cians, mayors, community leaders, and other opinion-makers. Although a two-way flow
of information in a survey is a laudable goal, in the case of the Ontario Hydro
study the question arises why supplementary information was made available to elite
respondents, and only carefully censored information, consisting of rigid defini-
tions of terms, to the general public. In addition to the non-random, bias-prone
sampling procedure used, the survey results are highly limited in their between-
group comparability. Yet data in the report are presented and discussed comparati-
vely, with each table showing side-by-side data from the three separate samples.
Thus, in spite of the warnings in the text that these data are not comparable, the
data themselves are shown, encouraging comparisons.

FOLLOW-UP TO THE CASE STUDY

The survey discussed in the previous section was carried out in August 1974.
Public hearings and other meetings were held after the survey had been completed.
From these meetings, it emerged that, once the people in the area learned what the

issues were, there was significantly more opposition to the possible location of a

thermal generating station in the area than the survey had indicated. As a result,
soon after the survey had been completed, and after the public participation events
had been launched, the need for another survey or a repetition of the first one,

became obvious. In other words, not only had the 1974 survey been inadequate, but
it had also been poorly timed. In fact, data from the second survey (Ontario Hydro
1975) indicated, without a doubt, that attitudes across-the-board were, or had beco-
me, more negative and critical than had been indicated by the first survey (Ontario
Hydro 1974).

CONCLUSION

Our understanding of environmental impact assessment and its politics, its

science, and its techniques is growing, just as the field itself is evolving. New
issues arise continuously to challenge our collective wisdom. In some ways, our

grasp of the field becomes firmer, while yet at the same time some fundamental
questions remain elusive and unanswered: is "environment" too broad a term; what is

environment, if it is everything; is "impact" the correct image of what environmen-
tal (impact) assessment attempts to achieve; what is the relationship of social

impact to environmental impact?
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The historical context of the Ontario Hydro case study may help explain the
incongruities and ethical traps in their 1974 survey. At that time (mid-1970 ' s) ,

Ontario Hydro was planning to build facilities which were to meet the demand for

electricity in accordance with what was mistakenly believed to be a seven-year
doubling in demand. Concurrently during the period when the surveys were carried
out in the North Channel region, environmental assessment was in the process of

becoming established in Ontario. These surveys, therefore, took place during a

critical threshold in the evolution of both Ontario Hydro's activities, and of

environmental planning and assessment in Ontario. The weak methodology and dubious
ethics of the 1974 survey thus hark back to what was rapidly becoming a bygone era
of environmental and social insensitivity, and they do not serve as a harbinger of

what the rapidly changing conditions of the time were to bring. A comparison of the

1974 survey from the North Channel to any one of the substantially more competent
questionnaires, public participation methods, and information dissemination techni-
ques used by Ontario Hydro more recently (for example, Ontario Hydro 1983), demon-

strates the significant gains that have been made.

As a scientific research tool, surveys have a proven utility. As a technique
in the field, they tend to be expensive, time-consuming, and bedeviled with pro-

blems. Yet a good survey will provide data that no other technique can. Surveys
will serve their designers well, or they can lead the unwary into traps. And, as in

the case with any tool, surveys can be put to honourable tasks: to attempt to find

the truth, to create knowledge; or to questionable tasks: to manipulate, discredit,
demolish or impose. Surveys have a real and very considerable contribution to make
in SIA, but they will contribute only in relation to how competently and how ethi-
cally they are carried out.
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